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TUDY the specifications of a typ- 
ical controlled volume pump and 
you can quickly judge its accuracy 

. corrosion resistance ... even 
controllability. But you'll find no 
specifications for dependability or 
low maintenance, which may be far 
more important in determining a 
pump’s usefulness. 

Over the years Milton Roy has 
studied thousands of pumps, com- 
paring design and construction with 
service records, in an attempt to 
pin down the characteristics that 
contribute most to dependable 
pumping. Most of these character- 
istics demand more time consuming 
methods of manufacture and more 
expensive materials than conven- 
tional designs. All of them have 
been incorporated into the standard 
Milton Roy pumps. 


Alignment 
an absolute necessity 


The pump base has more to do with 
good pump alignment than any 
other single part, yet its importance 
is rarely recognized by the pump 
buyer. Dependable pumping de- 
mands an extremely rigid and 
sturdy webbed base that positively 
resists deformation and prevents 
the misalignment that is sure to re- 
sult. Base pads should be machined 
to eliminate the problems of align- 
ing and protecting rough cast parts. 

Massive pump frames are another 
necessary bulwark against distor- 
tion. Just as rigid bases keep mo- 
tor, drive, and pump aligned, heavy 
pump frames keep plunger, pack- 
ing, and liquid end in line. As a 
result, both packing and plunger 
wear more evenly and give longer 
service. 


“Over-Engineering”’ 
assures longer life 


Typical examples of how depend- 
ability must be built into a pump 
are the crank nuts. Conventional 
hardware often permits _ slight 
crank slippage ... just enough to 
throw an undesirable strain on the 
pump drive. Substituting more ex- 
pensive brass nuts boosts costs, but, 





how to choose a dependable 
controlled volume pump 





These three Milton Roy pumps have been feeding phosphate solution to the 
boilers of a major East Coast brewer for twelve uninterrupted years. Aside from 
periodic lubrication and examination, the total cost of parts replaced in that time 


is just $18.00... 


since they can be drawn up tighter, 
eliminates the problem of slippage. 

Other examples of “over-engi- 
neering” that extend pump life in- 
clude generous bearing surfaces 
that far exceed permissible mini- 
mums... self lubricating connect- 
ing rod bearings . special gear 
tolerances that eliminate grinding 
wear, vibration, and noise . . . and 
high cross head length to diameter 
ratios to absorb unavoidable abuse 
without injury. Furthermore, the 
surface of the pump must be pro- 
tected with a resistant coating as 
protection against corrosive fume 
and splash. 


The low cost 

of dependability 

Obviously, a pump with features 
like these has to carry a higher 
price tag than one without. But the 
cost of dependable pumping is some- 


thing else again. As the caption 
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twelve sets of packing. 


above illustrates, savings gained 
through years of dependable pump- 
ing with minimum maintenance ex- 
pense far outweigh any slightly 
higher initial cost. There’s little 
doubt that the more dependable 
pump always costs less in the long 
run. 

If accurate precision metering of 
liquids is one of your problems, look 
again to the enviable reputation 
more than 75,000 Milton Roy pumps 
have established for dependable 
controlled volume pumping. 


Milton Roy Company, 1300 East 
Mermaid Lane, Phila. 18, Pa. 


CHEMICAL INSTRUMENTATION SYSTEMS 





Controlled Volume Pumps « Quantichem Analyzers 
Chemical Feed Systems « pH Instruments 























new F&P magnetic flowmeter 200 times more sensitive 


Low-conductivity liquids meet 
their master in F&P's new mag- 
netic flowmetering system. In 
one big technological jump, this 
new magnetic meter leaves all 
others behind . . . metering liq- 
uids and slurries with conduc- 
tivities as low as 0.1 micromho 
per cm. Completely free of all 
obstructions, this versatile in- 
strument provides accuracies 
better than +1% of flow—in- 
dependent of viscosity, density, 
turbulence, or changes in liquid 
conductivity. 

Get all the facts on the world's 
most versatile flowmeter — the 
F&P Magnetic Flowmeter. Con- 
tact the F&P field engineer 
nearest you, or write for Cata- 
log 1OD1416-1. Fischer & Porter 
Company, 609 County Line Rd.., 
Hatboro, Pa. In Canada, Fischer 
& Porter (Canada) Ltd., 2700 


Jane St., Downsview, Ontario. 
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S.A. 1696 


The “dollar dimension” of a valve is the Cy; 
flow capacity, rather than the nominal size. 


K&M split body valves have higher Cy’s than 
any other split-body design. This was achieved 
by generous internal dimensioning, well- 
engineered contouring and quality-controlled 
manufacture. 


The accompanying table of Cy’s was not 
arrived at by estimate, calculation or optimism. 
K&M’s larger flow ratings are certified by actual 
hydraulic laboratory tests. 

. . And you can start using this greater 
capacity on existing installations because of 
another important dimension . . . face-to-face. 

K&M is the only split body valve conform- 
ing to I.S.A. face-to-face standards, (150, 300, 
600 psi). 

These K&M valves can, therefore, be inter- 
changed with any standard diaphragm valve in 
your plant. 


diaphragm control valves 
Our 79th Year 
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2 DIMENSIONS ...Cy and f. to f. 


.-- that mean 


Here’s money saving for your valve inventory 
budget . . . and essential flexibility for your plant. 


The same body can be field-converted into 
any one of 432 different valve assemblies . . . in 
a matter of minutes . . . and without removing 
the valve from the line. 

Write for Bulletin 132 which completely 
describes the valve which has been “dimen- 
sioned” to save you money. 


COMPARISON OF FLOW CAPACITIES (C,) 


Valve B Valve C 


4.0 
6.0 
12.0 
25.0 
46.0 
110.0 
195.0 
400.0 
640.0 





KIELEY & MUELLER, INCORPORATED 





Oldest Pressure and Level Control Valve Manufacturer 


64 Genung Street, Middletown, New York 








greater savings and 
flexibility with K&M 


split-body valves 
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There's solid assurance in the high 
accuracy of Howell Instrument’s 
Ta'Pot®, the “tape-slidewire” 
potentiometer used as 
the key measuring unit 
to check, before launch, 
The Martin Company's 
USAF TM-76 “Mace” 
engine r.p.m. and temperature systems— 
and which is the go/no-go 
control during launch. 


The Ta’Pot is a straight wire (or helically wound!), embedded 
within the edge of a polyester tape. With calibration printed on 
the tape, this 12-feet long slidewire pot has up to 1200 readout 
scale ‘points; or it may be geared to an in-line counter, and 
servo-driven in either case. Or the Ta’Pot may be manually 
operated for exact readout of functions...or for control of 
functions...or for computer inputs. Electronic calibration of 
Ta’Pot slidewires regularly achieves better than 0.05% con- 
formity to either linear or non-linear functions. The Ta’Pot is 
presently used in test cells, in jet engine analyzers, in jet aircraft 
cockpits and in a host of other critical applications. 


® 


HOWELL INSTRUMENT COMPANY 
3101 Trinity Street, Fort Worth 7, Texas 
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New Honeywell Temperature Controller 
for Industrial Applications 


The new Honeywell T444 is a rugged, dependable temperature 
controller designed specifically for industrial use. It 
includes these features: 


Independent high and low temperature set points. 

External adjustment of temperature set points. 

Control setting scale and mercury switch position clearly visible. 
Sensitive, liquid filled thermal system. 

Steel case adaptable for surface or flush mounting. 

SPST and SPDT mercury switch models. 


Get complete details from your Honeywell field engineer or write 
for specification 95-2437. 


MINNEAPOLIS-HONEYWELL, 2753 Fourth Avenue S., Minnea- 
polis 8, Minn. 


Honeywell 
Fit in Couttol 
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WHAT’S NEW 
———=IN THE INDUSTRY 





An Award With Teeth! The House Committee on Science and Astronautics has approved 
a national program that may help win for engineers and scientists 
the same popular regard which has long been accorded to such he- 
roes as movie stars, baseball players and jazz musicians. The pro- 
gram of Federal recognition would take the form of an appropriate 
medal to be presented annually by the President to not more than 
20 individuals who have outstanding records in engineering or sci- 
entific achievements. In addition to the medal, each recipient would 
receive up to $10,000 as a tax-free stipend! 














Metric System Inches Along The metric system gained a friend at court when Rep. James G. 
Fulton (R. Pa.) introduced a resolution in the House “that the Presi- 
dent should take the appropriate steps . . . to effect the adoption 
of the metric system . . . as the Nation’s official system of measure- 
ment.” Later this month, the relative merits of the inch and metric 
systems will be debated at the 10th National Conference on Stand- 
ards in Detroit, Oct. 20-22, at a panel discussion “Should American 
Industry Convert to the Metric System?” 





Sausage Computers Swift & Co., Chicago meat packers, are using a computer to deter- 
mine the various types of meats, seasonings and moistures that 
should go into their sausages. Other news about the 20th Century’s 
very own safety pin: The Bank of America and General Electric re- 
cently stamped “operational” a completely automated banking sys- 
tem using magnetic character reading; ASA is setting up a committee 
to study the possibility of establishing a standard coding and index- 
ing system to be used by computers for machine searching of technical 
and scientific information; Republic Aviation reports that use of 
numerical control is saving between 65 and 85% on machining costs 
and about 60% on tooling costs; Daystrom has developed new equip- 
ment to translate process or test data into digital form for trans- 
mission over standard telephone circuits, linking any test or plant 
facility to any remotely located computer. A large system handling 
2000 individual measurements of typical data has already been de- 
livered by Daystrom to a major nuclear facility. 





So It’s Not Surprising... Not surprising at all, in view of the above, that GE Vice-President 
Arthur F. Vinson recently said at an AIEE meeting, “We can visual- 
ize that day when the petroleum business will be an automated, 
continuous flow process beginning with the connection of a well to 
the field gathering system and ending with finished products de- 
livered to distribution terminals in quantities and according to 
specifications controlled by a master electronic computer.” 


(Please Turn to Page 11) 
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MSA CAN DO: COMPLETE LINE 


instrumentation for process stream analysis 


MSA can do, does, and will provide for you: Instruments, sample systems, and accessories. 
complete line instrumentation for process Please state your particular sampling problem 
stream analysis. The accurate, reliable kind. —as well as the MSA Instrument of interest— 
Standard or special. Simple or sophisticated. when writing for descriptive literature. 
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DIVISION 
M-S-A® LIRA® = M-S-A® LIRA® M-S-A® M-S-A® M-S-A® M-S-A® M-S-A® M-S-A® M-S-A® - ° 
Infrared Infrared Inert Gas Combustibl Th Oxygen Water Vapor BillionAire* Process Mine Safety Appliances Company 
Analy Analy Analyzer Gas Analyzer Anolyzer Indicator Recorder Analyzer Retractomerer 





Model 200 Mode! 300 Pittsburgh 8, Pennsylvania 


*Trademork 
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AMPLIFY MICROVOLTS 


WITH STABI LITY... measure strain, temperature, 


other phenomena, to 0.1% 


with a KIN TEL DC amplifier 


NEW...TRUE DIFFERENTIAL 
DC AMPLIFIERS ELIMINATE GROUND LOOP 
PROBLEMS...RESCUE MICROVOLT 
SIGNALS FROM VOLTS OF NOISE 


180 db DC, 130 db 60 cycle common mode rejection with 
balanced or unbalanced input # Input completely isolated 
from output # Input and output differential and floating 
s 5 microvolt stability for thousands of hours = 0.05% line- 
arity, 0.1% gain stability = Gain of 10 to 1000 in five steps = 
>S5 megohms input, <2 ohms output impedance # 10 volt at 
10 ma output # 100 cycle bandwidth sg Integral power supply 


Ideal for thermocouple amplification, the Model 114A differ- 
ential DC amplifier eliminates ground loops; allows the use 
of a common transducer power supply; drives grounded, un- 
grounded or balanced loads; permits longer cable runs; and 
can be used inverting or non-inverting. The 114A can be 
mounted in either single amplifier cabinets or six amplifier 
19” rack adapter modules. Prices: 114A — $875, six ampli- 
fier module — $295; single amplifier cabinet — $125. 





WIDEBAND, SINGLE ENDED 
DC AMPLIFIERS AMPLIFY DATA SIGNALS 
FROM DC TO 40 KC 
WITH 2 MICROVOLT STABILITY 


+2 microvolt stability s <5 microvolt noise = 40 kc band- 
width » 100 KQ input, <1 ohm output impedance # Gain of 
20 to 100% :.1 ten steps with continuous | to 2 times variation 
of each step s +45 V, +40 ma output = 1.0% gain accuracy 
= 0.1% gain stability and linearity =» Integral power supply 


Millions of cumulative hours of operation have proved KIN 
TEL Model 111 series DC amplifiers to be the basic compo- 
nent for all data transmission, allowing simple, reliable 
measurement of strain, temperature and other phenomena. 
DC instrumentation systems — with their inherently greater 
accuracy, simplicity, and reliability than AC or carrier sys- 
tems — are made entirely practical by the excellent dynamic 
performance, stability, and accuracy of KIN TEL DC ampli- 
fiers. Price: 111BF—$625, six amplifier module—$295, single 
amplifier cabinet — $125. 


Phone: BRowning 7-6700 


5725 Kearny Villa Road, San Diego 11, Calif. | KIN TEL 
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SeceCcCrromics, imc. 


Representatives in all major cities 
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WHAT’S NEW IN THE INDUSTRY (Con’t from page 8 ) 


F&P Wins “Maximizer” Rights 


Posting the Post 


Mergers and Expansions 


Sales Talk 


Contracts 


October 1959 





All manufacturing, sales and service rights to the Quarie “Maximizer” 
Computer Controller, developed by Quarie Controllers, Canton, Mass.., 
have been acquired on an exclusive basis by Fischer & Porter. 


A high speed Stromberg-Carlson electronic label printer and auxili- 
ary editing buffer now prints over one million address labels per 
8-hour day for the Saturday Evening Post and other Curtis publi- 
cations, including Holiday and the Ladies Home Journal. The system 
went into use last month. An S-C high speed microfilm printer is 
being installed at the U.S. Navy’s David Taylor Model Basin. This 
equipment is capable of recording data on 35 mm film at speeds up 
to 15,000 characters or 10,000 graph plotting points per second. 


Telemeter Magnetics, Los Angeles, has acquired Invar Electronics 
of Pasadena . . . Arnoux Corp., Los Angeles, has announced the ac- 
quisition of Instrol, Inc., Santa Barbara, and Automation Electronics, 
Burbank . . . Benson Lehner, Los Angeles, has acquired Data Serv- 
ices, Inc., Tarzana... Advanced Instrument Corp. has announced its 
entry into the digital data handling field .. . Hagan Chemicals and 
Controls will expand their foreign marketing program with the for- 
mation of two new operating companies in England and Switzerland. 


Amphenol-Borg Electronics sales for the first half were $27,923,936, 
up 25% over the same period in 58 . . . Daystrom’s first quarter 
sales: a record $21,250,000, an 18° increase over first quarter fiscal 
‘59... Beckman achieved record-high sales and earnings for the fis- 
cal year ended June 30, 1959. Sales increased 13‘% to $44,872,768 . . . 
Texas Instruments sales for the second quarter were $51,468,000 . . . 
General Precision Equipment sales for the first half were $102,301,439 
... Epsco showed a record first half: sales and other income reached 
$3,758,000, an increase of 224% over the same period last year and 
almost equal to results for the entire year of 1958. 


Data-Control Systems received a $750,000 sub contract from Boeing to 
develop FM FM ground station telemetering systems for the Minute- 
man ICBM test program ... W. L. Maxson Corp., received a contract 
from IBM to design and fabricate power supplies for the AN ASQ-28 


bombing-navigation system for the Air Force’s B-70 .. . AVCO re- 
ceived a $36,655,000 contract from the Air Force to research and 
develop a nosecone for Minuteman... The AEC will negotiate with 


Combustion Engineering, Inc., for design and operation of a Nuclear 
Test Plant (NTP) capable of testing reactor cores with power ca- 
pacities up to 60,000 thermal kilowatts. It would be built near Idaho 


Falls. 
1] 












Ask Your FISHER/MAN How To 
SPEED THE INPUT SIGNAL 


to the CONTROL VALVE 








TYPICAL CIRCUITS 


Available with or without 














s : Actual | 
a pneumatic valve positioner input Curent | Lond evivents | “Resistance of 
ransdaucer 
Here’s an electro-pneumatic transducer developed for use in 1 to 5 ma de 3,000 ohms 2,500 ohms 
electrical control loops where the final control element is pneu- satrasncamsnet +125 ohms 
matically operated. Explosion proof design makes it ideal for use 1 to 5 madc 12,000 ohms | 12,000 ohms 
pay a conditions. Input oy may range oo de 5 + .5% + 50 ohms 
ma. through 10 to 50 ma.... output from 3 to 15 psi through 6 to 
30 psi. Built-in volume relay permits direct operation of the pneu- 10 to50 made | 500 ohms 57 ohms 
maximum + 4ohms 











matic actuator from the Transducer. No extra relays or boosters 
needed. Relay can be serviced independent of electrical assembly. 
Unit is completely reversible by reversing input leads and rezeroing. 


If you want additional information on the Type 543 Electro- 
Pneumatic Transducer write Fisher Governor Company. 





PERFORMANCE DATA 





SEs sn cécnnnashins 1% of full range 


Air Consumption Rate...2 SCFH with 15 psi 
output pressure 


TYPE 543 TYPE 543 


TYPE 3541 





Resolution Sensitivity. . ..05% of input range 


Frequency Response....Complete frequency 
response data with 
Fisher topworks available 

















Transducer Mounted 


Transuucer Mounted 
on Stand Pipe 


on Control Valve 


Electro Pneumatic 
4 Controller Mounted 
on Control Vaive 


IF 1T FLOWS THROUGH PIPE ANYWHERE IN THE WORLD...CHANCES ARE IT’S CONTROLLED BY... 


FISHER GOVERNOR COMPANY 
Marshalltown, lowa [| Woodstock, Ontario | London, England 
CONTINENTAL EQUIPMENT CO. DIVISION, Coraopolis, Pennsylvania 








SINCE 1880 
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Electrical Measurements 


in a Modern Electrical 


Engineering Curriculum 


by Donald T. Canfield 


Professor of Electrical Engineering, Purdue University 


BACK IN THE 1920's, there was 
no question as to the importance of 
electrical measurements in the elec- 
trical-engineering curriculum. Engi- 
neering educators recognized that any 
significant advance of either the 
science or art of engineering depended 
on an equal development in the science 
and art of measurements. However, 
the subject usually was taught by the 
Physics Department as a sefvice to 
Schools of Engineering. 

Then, in the 1930's, many Electrical 
Engineering Schools divorced the elec- 
trical phases of measurements from 
measurements in general and taught 
the electrical parts as an application 
course by their own staff, believing 
that the engineering point of view and 
economical application of measure- 
ments in industry were of primary im- 
portance. As many as two required 
courses of three semester credits each 
frequently were used, together with 
one or two courses at the graduate 
level. 

In fact, the 1930's might well be 
characterized as the “applications era;” 
courses like Electrical Railway Engi- 
neering, Telephone Engineering, Radio 
Engineering, Illumination Engineer- 
ing, Electric Power Plants, and Energy 
and Demand Measurements, common- 
ly were offered. Nearly every pro- 
fessor with special industrial exper- 
ience gave an elective course therein, 
and frequently got enough students to 
teach it every semester. This was the 
period when an engineering teacher 
with good industrial experience was 
considered the equivalent to the Ph.D. 
degree. Incidentally, this is no longer 
the case. 

This decade was followed by the 
war years, when my school, at least, 
taught five different curriculums con- 
currently, all of different duration! 
And, a course in electrical measure- 
ments was included in every one of 
them. 
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Birth of the "Team" System 


The years since the war have been 
called variously, the “atomic”, “space”, 
“missile”, or “computer” age. By 
whatever name, its effect on engineer- 
‘rz education, country-wide, has been 
p.ofound. This age started during the 
war and was triggered by a great dis- 
covery: scientists and engineers work- 
ing together as a team could and did 
produce technological miracles in a 
surprisingly short time. Of course, sev- 
eral billion dollars helped. The old 
series system, wherein the engineer 
took over only after the scientist had 
made the basic discovery, took years 
to reduce a new discovery to a com- 
mercial reality. But the team, work- 
ing in parallel, could do it in a few 
months. 

Soon the engineering educator asked 
himself: (1), “Will we ever go back 
to the old sequence system;” and (2), 
“Would not the engineer-scientist 
team be even more effective if the 
engineer knew more science and the 
scientist more engineering?” Any 
doubt on the first question ended 
dramatically when the Russians put 
sputnik in orbit. The answer to the 
second question never was in doubt. 
Curriculum builders everywhere en- 
tered into unprecedented activity 
amounting to revolution, compared to 
the previously used evolution, which 
lagged years behind even industrial 
development. 


Something Had to Go 


It was immediately obvious that if 
a higher content of basic science— 
math, physics, field theory, heat trans- 
fer, energy conversion—were to be in- 
cluded in basic courses, something had 
to go. First went the pure application 
courses, and second, procedural courses 
such as classic electrical measurements. 


(Please Turn to Page 14) 





... Salid 
state 
galvanometer 
driver 
amplifier 





... especially designed 
to “FILL THE GAP” 
between low power voltage sources 
and high frequency galvanometers 
requiring up to 100 milliamperes of 
driving power. 


Lp voltage sources are high gain 
amplifiers, telemetering receivers, 
demodulators, detectors, oscillators, 
transducer-demodulator combina- 
tions, etc. 
This unit, Model 92, is also useful as 
a programmed power supply. When 
connected to a reference cell (which 
is incapable of delivering sufficient cur- 
rent for many applications), it will 
faithfully reproduce the cell's voltage 
while delivering up to 100 milliam- 
peres at at output impedance of less 
than one ohm. 
Priced at $150.00 each (f.o.b. Santa 
Monica, California), the Model 92 
provides the necessary galvo driving 
power at a very low cost to your 
instrumentation system. 

Input Single ended; 


isolated from case 
input impedance Greater than 100,000 ohms 
Output 


+10 volts at 100 ma. 
a3) Less than 3 my peak to peak 
Bandwidth DC to 10 KC +1 db. 
DC Linearity 0.2% 
Long Term When used with galvanometers 
Stability having a maximum = 
adhd, tT. 
noise are not 
on the record. 
115V +20V, page te GD ega, 
ee 8 watts maximum 


VIDEO INSTRUMENTS CO., INC. 


3002 ee Ave., Santa Monica, Calif. 
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A good question: why do we have nine differ- 
ent temperature regulators, when one should do the 
job? 

Because one can't do the job: there are too 
many jobs, with too many different needs. 

Even with nine it could be a problem—except 
for our flexibility of design that provides for almost 
limitless variations on the basic models. 

Whatever your temperature problem, we think 
you'll find the answer here. Let’s check ‘em out! .. . 


1001 Series. Wide temperature ranges from —30°F. to 
480°F. Valve sizes 4 to 2” single seated; %” through 
4” double seated; ‘4 through 2” three-way. Smallest 
practical bulb size; wider proportional band for stability. 
1003 Series 55°-60°F. adjustable ranges from —25° to 
455°F. Valve sizes '4" through 2” single; % through 
4” double; 4” through 3” three-way. Small bulb size; 
intermediate proportional band. Indicating thermometer 
optional. Commonly used sizes and ranges available 
from stock. 

1004 Series. For larger valves or higher pressure drops. 
Narrow proportional band. 40°F. adjustable ranges, —35 
to 425°F. Valve sizes 4-2" single; %-6" double; %4’’- 
6” three-way. Thermometer optional. 

1006 Series- 1007 Series: Fail-safe; damage to thermal 
system automatically opens or closes valve as required. 
30°F. adjustable ranges, —50 to 325°F. Valve sizes 
(1006): 14-34" single; %4’-2" double — (1007): 14-2” 
single; %4’-4" double; %4-3” three-way. 

1008 Series: Crank provides quick adjustment of control 
point. Same characteristics and valve sizes as 1003. 
Thermometer optional. 

1009 Series: Crank for manual positioning of valve dur- 
ing start-up or abnormal conditions. Same characteristics 
and sizes as 1003. Thermometer optional. 

010 Series: Our biggest regulator . . . designed exclu- 
sively for 3” through 6” three-way valves. Manual valve 
positioner. 

101) Series: Unique all stainless steel regulator for cor- 
rosive locations. Same characteristics and sizes as 1003. 





No other manufacturer offers such a variety of 
temperature regulators designed for specific needs. 
Write today for full specifications. 

Ask for Catalog D-TU. 








MR. CONTROLS 


ROBERTSHAW-FULTON CONTROLS COMPANY aaa 


FULTON SYLPHON DIVISION ¢ KNOXVILLE I, TENNESSEE 
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Moreover, based on the assumption 
that technology will progress at a tre- 
mendous rate, a minimum of emphasis 
should be placed on apparatus, gad- 
gets, existing machines, etc. The 
thought was: “Time would be wasted 
teaching the sophomore about such 
things because they will be obsolete 
by the time he graduates.” 

Although not much of a case can 
be made for retaining classical elec- 
trical measurements as.a requirement 
in modern electrical engineering cur- 
ricula, it does not follow that a course 
in instrumentation could not take its 
place. Space does not permit me to 
detail the differences between such 
courses. Suffice it to say that an in- 
strumentation course deals in systems, 
not in specific apparatus: the latter 
are a means to an end, and not the 
end in themselves. It deals primarily 
with the basic sensing phase of the 
control system, whether automatic or 
not, and whether open or closed loop. 
As such, it recognizes no boundaries— 
scientific, academic, or cultural—and 
certainly no engineering limitations 
such as electrical, mechanical, civil, or 
aeronautical. 


Success Ingredients: 
Challenge and Dedication 


It would be easy to justify such a 
course in a modern electrical-engineer- 
ing curriculum. Implementing _ it, 
however, is an entirely different mat- 
ter. There are at least two essentials: 
First, in this age and day, any course— 
in order to survive—must be chal- 
lenging to the student. 

Second, competent, properly motivated 
instructors must be obtained to teach 
it. 


Both these difficulties are worsened 
if the course remains in the required 
category and multiple divisions are 
necessary. Blessed indeed is the school 
that has even one dedicated teacher 
in this area, to say nothing about six. 
Incidentally, if you have him, he must 
be dedicated, because he probably 
could receive four times what you can 
afford to pay him from any one of a 
dozen industries. 

To challenge the modern student 
takes a lot of doing, especially when 
one has to teach them in groups of 
thirty or more. What will challenge 
A, bores B, etc. The classical method 
giving the student an experiment in 
the use of the d-c galvanometer, or 
potentiometer—just is not challenging 
any more. If he can be shown first 
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Freeport Sulphur Company 
saves time, money on 
molten sulphur flow control 


Taylor Volumetric DP Transmitter 








costs less to install and maintain 


205T Volumetric Differential Pressure Transmitter measuring mol- 
ten sulphur fl.w at Freeport Sulphur Company’s mines in Louisiana. 


The Taylor 205T Transmitter costs less to install 
because none of the steam jacketing and in- 


No pocketing . . . no sulation needed for a conventional aneroid 
purging ... no plugging 
... with this low-cost 
transmitter designed for leads or meter body, since sulphur comes in con- 
flow, level and differential 
pressure measurement. 


meter is required. There is no need to insulate 


tact only with the pressure sensitive diaphragms 
located either side of the orifice plate in the 
pipeline. 





It costs less to maintain since molten sulphur does 
not enter any portion of the instrument—no 
chance of corrosion, no costly clean-out 


necessary. 


Utilizing the force-balance principle, coupled with 
sealed silicone-filled sensing systems, the 205T 
Transmitter is the ideal, economical way to 
eliminate purge and seal problems as well as 
costly steam tracing. Accurate, sturdy, depend- 
able and low-cost, it can solve your most 
difficult flow and liquid level measurement 





problems. 

Ask your Taylor Field Engineer for dull details, 
Two all-welded stainless steel sensing diaphragms installed in the i “a 
pipeline eliminate the need for steam tracing of the lead lines. Re- or write for Bulletin 98281. 1 aytor Instrument 
sult—quicker, less expensive installation; negligible maintenance; Companies, Rochester, N. Y., or Toronto, Ont. 


process shut-down eliminated. 


Taylor Lnstruments MEAN ACCURACY F/RST 
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THE FINE ART OF TRACKING and recording data 
from the nation’s newest missiles is the task of the newly outfitted USS 
American Mariner—operating in the waters of the Atlantic Missile Range. 
Advanced electronic equipment aboard includes CEC DataTape 5-681 Digital 
Recorder/Reproducers. Employing all solid-state electronics, the units feature 
5-millisecond start and stop times, 0.05” tape positioning accuracy, 101%” 
NARTB reels, and complete front accessibility. Transport fits standard 19” 
relay rack. Two types provide tape speeds to 30 and 150 ips. For more 
information, call your nearest CEC sales and service office, or write for 
Bulletin CEC 1618-X8. 


DataTape Division { +—C : 


CONSOLIDATED ELECTRODYNAMICS / 360 sierra madre villa, pasadena, california 


FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE COMPANY, WRITE DIRECTOR OF PERSONNEL 
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(Continued from Page 14) 


that the principle involved in these 
devices is essential to the proper 
functioning of instrumentation pos- 
sessing plenty of “sex appeal”, he may 
then condescend to perform an ex- 
periment on one of them. 

If teachers could be recruited, will- 
ing to teach instrumentation as a pri- 
mary effort and not as a means to 
some other end, we would have gone 
a long way toward solving the first 
difficulty. Such teachers could furnish 
the challenge whenever the subject 
matter did not. I could get ten teach- 
ers capable of teaching a course “How 
to Fly to the Moon”, for every one I 
can get to teach a course in instru- 
mentation. 


In my opinion, the crux of the 
whole situation is this: given the 
teachers, we could and would 
have a course in instrumentation. 
Without them, our few remain- 
ing instrument courses in the 
electrical-engineering curricu- 
lum are doomed to a slow but 
certain death. 


Summation 


In closing, I would like to make a 
few miscellaneous comments that are 
strictly personal and do not neces- 
sarily reflect the opinions of Purdue 
or any other school. 


1. I feel the pendulum has swung too 
far towards the scientific stem; we are 
in danger of talking all the engineer- 
ing out of engineering education. 


2. I am persuaded that not more than 
the top 10% of students are capable 
of becoming creative, thinking engi- 
neers; the bottom 10% will have a 
hard time becoming an engineer of 
any kind; and we may sell a big part 
of the 80% “down the river.” 


3. Finally, I think we will still need 
some engineers, whom I like to call 
“the doers”, to engineer what we al- 
ready have, and that at least a few 
courses such as electrical instrumenta- 
tion are desirable. 





This is an abstract from a talk presented 
by Professor Canfield to the AIEE Con- 
ference on Analog and Digital Recording 
and Controlling Instrumentation, April 
20-21, 1959, Philadelphia. (ISA cooperat- 
ing) 





The “Reader Service Bureau” 
card following page 68 is for 
your convenience in making 
inquiries about advertised 
products and editorial items 
in this issue. Please use it. 
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CAPTURED. 





It’s unlikely that many Sioux, Shawnee or Chickasaw will be in Houston, February 1-4. But 
nearly 10,000 executives, engineers, scientists, technicians and instrumentmen will surely be there 
to find out what’s in the black box. They’ll be at the Sam Houston Coliseum for the ISA Instru- 
ment-Automation Conference and Exhibit to see, hear and capture latest instrumentation con- 
cepts, solutions to technical problems, new equipment and hardware. You, too, should attend . . . 
it'll be the biggest instrumentation pow-pow of the winter. 


Note to Instrument Manufacturers—write for complete 1960 ISA Show folder containing floor plans, 


contracts, prices and other information on all 3 ISA Shows for 1960. 


3 ISA SHOWS 


ISA INSTRUMENT-AUTOMATION fares 
CONFERENCES AND EXHIBITS 


IN 1960 
]HOUSTON §$2SANFRANCISCO §3NEW YORKCITY 


February 1-4 May 9-12 September 26-30 


15th Annual Meeting HOUSTON 
@ INSTRUMENT SOCIETY of AMERICA + 313 SIXTH AVENUE + PITTSBURGH 22, PA. 
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NEW HONEYWELL Uni | 


helps you choose the right 


THERMOCOUPLE WELLS 


Here’s valuable help in the often-per- 
plexing job of picking the right ther- 
mocouple wells and assemblies for 
particular applications. 








This new Honeywell catalog brings you 
a wealth of useful data . . . provides all 
the information you need to make the 
right selection every time. Included in 
the catalog are: 

® Well designs and dimensions 

© Pressure and temperature ratings 

® Corrosion data 


® Thermocouple assembly data 


®@ Ordering and pricing information 


Honeywell 
Fouts in Coutiol 


FILL OUT AND MAIL THE COUPON FOR YOUR COPY—NO OBLIGATION 


MINNEAPOLIS-HONEYWELL 
Wayne and Windrim Avenues 








Philadelphia 44, Pa. Please send me a copy of the new Thermocouple Wells Catalog G102-1. 
Name Title 

Company 

Address City Zone State 
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shering in a new erain.... 


RINTING FOR AUTOMATION 


a new symbol of 
PRECISION 


a new name for 


SERVICE 











NOW THE WORLD’S LARGEST 
PRODUCERS OF RECORDING CHARTS 


HAVE INTEGRATED THEIR —_ 


IES AND EFFICIENCIES 








SKI 


Here are charts that you can rely on! 

You can count on precision, developed during 

50 years of specialization in chart printing 

by Staebler & Baker Inc. and Technical Charts Inc. 
You can count on service, developed during 

the 20 years Technical Sales Corporation 

has been their exclusive distributor. 

Two and a half years ago the three companies 
combined with two others to form 

Graphic Controls Corporation. Today this integration 
is complete, bringing a new approach 

to your recording chart needs. 


IS «+» THE NEW SYMBOL OF PRECISION... THE NEW NAME 
FOR SERVICE...BRINGS YOU... 


ENGINEERING SKILL PLUS PRINT- 
ING CRAFTSMANSHIP — to give 
you exactly the right chart for the 
job, printed with precision, all GC 
Chart production is supervised by 
teams of instrument engineers and 
experienced printing technicians. 






RECORDING 
CHARTS 








GREATER PRODUCTION CAPACITY 
— GC Charts already are in use on 
more instruments than any other 
make. Now our integrated manu- 
facturing facilities have been ex- 
panded broadly to serve you better. 





ADVANCED TECHNIQUES OF 
CHART DESIGN, PLATEMAKING 
AND PRINTING — GC Chart 
research has developed a years- 
ahead methodology that assures 
accuracy you can depend on and 
efficiency that saves you money. 


MORE THAN 15,000 STOCK 
CHARTS TO CHOOSE FROM — 
there’s a GC Stock Chart for 
almost every instrument and for 
every standard application. 





COMPLETE, ONE-SOURCE 
SERVICE—vwrite one order — 
and pay one invoice — for all your 
chart requirements. Bulk your an- 
nual needs into one order and get 
periodic shipment plus savings 
from quantity prices. 


SPECIAL CHARTS — And, for 
special requirements, GC Chart 
specialists can help you design the 

chart you need. | 


DISTRIBUTED BY: 


TECHNICAL SALES CORPORATION 


16599 Meyers Road 


Detroit 35, Michigan 


A SUBSIDIARY OF: 


GRAPHIC CONTROLS CORPORATION 
Buffalo 10, New York 


To learn more about the meaning of this new symbol for 





precision... this new name for service... send for your 
copy of “The Graphic Contro/s Story.” 























FLOW SENSORS... 


FF SERIES FLUID BEARING 
FB SERIES BALL BEARING 





= 
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a significant advance 
in flow instrumentation 





The new Waugh FF and FB 
Series flow sensors are an out- 
growth of more than 25 years 
experience in the design and 
production of flow instrumen- 
tation. Completely new, yet 
proven through strenuous test- 
ing in actual use, these flow 
sensors have almost universal 
application and are the basis 
for our standard flow instru- 
mentation line. 


Both models feature extremely 
high accuracy, linearity and 
infinite life in use. Decreased 
bearing drag adds w 'inearity 
and practically eliminates 
maintenance problems. 


The turbine rotor of the FF 
sensor floats entirely on a fil- 
tered film of the liquid being 
measured, obviating wear 
from either radial or thrust 
friction. The FB turbine is 
supported by two ball bear- 
ings, which are lubricated 
and scavenged by the fluid in 
the line. 





FLUIDS — Meters hydraulic oils, cryogenics, corrosive fluids, jet-aircraft fuels, 
and many other difficult to handle fluids. 


LINEARITY — + 14%. 

REPEATABILITY — The absence of conventional bearing surfaces results in 
reproducability within 0.1% of flow rate. 

EXPECTED LIFE — Infinite. 


SIZES and FLOW RANGES — Standard ranges are from 2 to 500 GPM, in 
sizes from 5%” to 214” line o.d. The FB series is available also in 1” line 
o.d. model with flow range from 1 GPM. Standard models available in bulk- 
head length. Other sizes and ranges are available. 


LINE PRESSURE — Standard stainless stee! unit is suitable for 5000 psi, with 
higher pressure ratings available. 


A new bulletin giving complete physicai and technical data 
will be sent on request. Our engineering staff is available to 
assist in the development and manufacture of other precision 
flow instrumentation. 


This FF Series sensor has been 
operating continuously at 35 GPM for 
4357 hours to date, and is still 


( oo perfectly. Expectancy 
WAUGH ENGINEERING COMPANY | Wang h 


7842 BURNET AVENUE, VAN NUYS, CALIFORNIA ¢ STate 2-1710 





Engineering Representatives in Principal Citie 
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2020 Series 
On-Off Control 
Air-To-Close 














2030 Series 
On-Off Control 
Air-To-Open 


















2031 Series 
Three-Way Valve 









‘‘BANTAM’’ 
VALVES 


Dahl “Bantam” 2020, 2030 and 2031 series 
are highly compact, diaphragm-operated 
on-off valves. Each features the desired 
ruggedness and high quality of larger 
valves, and yet, allows appreciable savings 
in space. All have cast globe bodies for 
steam, liquid or gas applications. 

“Bantam” valves have excellent flow char- 
acteristics, low hysteresis and fast re- 
sponse. Use of TEFLON® packings eliminates 
frequent packing adjustment and greatly 
reduces maintenance. 














MAXIMUM Cv 40.0 
LIFT %” 
SEAT AREA up to 3.1 sq. in. 
CONNECTIONS Y%4” to 2” N.P.T. 





PRESSURE RATING | 150 psi for steam 


300 psi for liquid & gas 














OPERATORS 8, 15, 50 sq. in. 





For more detailed information on 

“BANTAM” On-Off and Throttling 

Control Valves write for..... 
Catalog B-1. 


COMPANY, _— 





86 TUPELO STREET, 


BRISTOL, RHODE ISLAND 
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» INSTRUMENTS AT WORK 


. . short stories about real applications 










One of the three 
rolling-mill 
control consoles. 
Note glove boxes 
through plastic 
shields for access 
to mill. (Story 
and photos from 
Argonne National 
Laboratories.) 


Instrumentation “‘Under Glass’’ 


Twenty five miles southwest of 
Chicago, at Lemont, Illinois, is one 
of the strangest industrial plants 
ever built—a complete metal fabri- 
cating plant, from foundry to as- 
sembly, operating entirely in a heli- 
um atmosphere, isolated by gas- 
tight enclosures from all human 
contact, and depending, as few 
plants ever before have, on remote 
control and instrumentation. This $4 
million plant was built for the Met- 
allurgy Division, Argonne National 
Laboratory, to develop techniques 
for making plutonium reactor fuel- 
elements and test pieces, in AEC’s 
program for peaceiul uses of atomic 
energy. 

Three tricky, hazardous properties 
of plutonium made necessary its un- 
usual design: 1. critical mass; 2. nu- 
clear radiation; 3. spontaneous com- 


bustion. The most rigid program 
must be followed in all storage, 
transportation and fabrication of 
plutonium alloys to avoid critical 
mass, critical geometry or fire. Plu- 
tonium must be handled as if it were 
thousands of times more toxic than 
the most dangerous industrial poi- 
sons. So, the permissable concentra- 
tion of plutonium dust must not ex- 
ceed 32 trillionths of a gram per 
cubic meter of air! 

Thus, to protect the human oper- 
ators, all fabrication—vacuum melt- 
ing, casting, rolling, cutting, machin- 
ing, welding, assembly and inspec- 
tion—is enclosed in gas-tight plastic 
housings, filled with helium, operat- 
ing at below atmospheric pressure. 
Elaborate pneumatic temperature 
rise-rate detectors in every glove 
box and storage area warn of fires. 


Each process unit is completely enclosed in plastic-shields and elabo- 
rately vented. vsti mill (left seatreatectan conveyor line (right). 
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In the instrument with the TAPE-SLIDEWIRE 


... highest accuracy 
costs no more 


The basic accuracy of the Ta’Pot® results from its designed built-in 
correction for variations in wire diameter, structure or mechanical 
arrangement. Calibration is simply represented by punched holes 
in the tape (for gearing to an in-line counter) or by printed scale 
markings on the tape. B & H Instruments incorporating the Ta’Pot 
have a normal accuracy of 0.1% and higher accuracy is available. 


The Ta’PoT® is 
the fundamental 
component of these 


NO MANUAL TAPPING or PADDING is PERFORMED or NECESSARY. 


“7 . ae LOW COST and HIGH ACCURACY ARE the SIMPLE and NATURAL 
hemes”. ATTRIBUTES of the DESIGN! IT CANNOT BE MADE LESS ACCURATE! 


MILLI-V-METER’™, 
JeETCAL Analyzer*, 
TEMPCAL 


TA'POT ic the registered wade mask of For particulars write or telephone (EDison 6-7243) 
Howell | C 
ee eee «> BaH INSTRUMENT Co.,. INC. 
3479 West Vickery Blva., Fort Worth 7, Texas 


Sales-Engineering Offices. ATLANTA, GA., COMPTON, CALIF., DAYTON, OHIO, VALLEY STREAM, L.1., N.Y., 
WICHITA, KAN., TORONTO, ONT. (George Kelk Lid.), MITCHAM, SURREY, ENGLAND (Bryans Aeroquipment Ltd.) 
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FlectriK Tel-0-Set* control system— 


the only true two-wire system 


is safe, simple, economical to install 


HERE’S HOW THE ElectriK 
Tel-O-Set SYSTEM WORKS 


The basic system consists of 
a transmitter, receiver, con- 
troller and final control ele- 
ment. The transmitter measures 








the process variable, trans- 
lates it into a standard 4-20 
ma d-c signal, and transmits 
to the receiver through a pair 
of unshielded wires. The re- 
ceiver indicates or records 
the signal in terms of the 
actual value of the process 
variable, compares it with 
the set point, and sends the 
difference to the controller 
as an error signal. The con- 
troller then converts this into 
a corrective 4-20 ma output 
to operate the control valve 
—again transmitting over a 
pair of unshielded wires. 





















All transmitters are completely 
transistorized and have quick- 
connect electric plugs. All 
process and external electric 
connections to transmitters are 
isolated from the inside of the 
case, to permit installation 
without the need for instrument 
department supervision. 


Explosion-proof 





ISA Journal 
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Just two wires connect field-mounted units 
of the new ElectriK Tel-O-Set to your 
control room. These wires carry both 
signal and power. No line power connec- 
tions in the field—only in the control room. 


There’s complete freedom from stray pick- 
up and changing line resistance in this d-c 
system. No shielding required. Standard- 
ized components, together with extensive 
use of quick-connect and plug-in design, 
give you ready interchangeability of parts, 


*Tradename, Minneapolis-Honeywell Regulator Co, 








Many types of receivers can be used with 
- the system for local and centralized data 
—@ presentation, adjustable cascade control, 
ratio control and many other auxiliary 








4-20 ma d-c functions. ElectriK Tel-O-Set 


(no shielding required) 






4 
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Millivoltmeter 


make the line completely compatible with 
your present pneumatic instruments. 


reduced spare parts inventory and easy 
maintenance. 


ElectriK Tel-O-Set, the simplest system 
for process control, will bring you major 
savings in installation man-hours and 
materials. Get complete details from your 


-nearby Honeywell field engineer. Call him 


today ... he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, 21 Penn St., 
Fall River, Mass. 


Honeywell 
[HH] fot ta Control 


RECEIVERS 


Multipoint recorder 


MAA SA 














transducers 
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The growing family of 
instrument servo components 


60 cycle Servomotors (1, 3, 5 and 10 watts) 
400 cycle Servomotors (3 and 15 watts) 
60 cycle A.C. Tachometers 
400 cycle A.C. Tachometers 
D.C. Tachometers 
Gear Reducers 
Vacuum Tube Servo Amplifiers 
SERVOPOT (Combination of: Servomotor, 
gear train, slip clutch and potentiometer) - 
Available separately or in any combination 


DIEHL Instrument Servo Components have 
been developed to offer maximum performance, 
flexibility and reliability at minimum cost. 
These are the basic servo system building 
blocks which enable our military and industrial 
customers to satisfy the demands placed on 
them for higher over-all response, accuracy 
and economy. Write for full details con- 
cerning any of these components. 


SINGER 


piehl DIEHL MANUFACTURING COMPANY 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 
Somerville, New Jersey 


* AC SERVOMOTORS * AC SERVOMOTORS WITH AC TACHOMETERS * DC SERVO SETS 
* AC SERVOMOTORS WITH DC TACHOMETERS « AC AND DC TACHOMETERS * RESOLVERS 
*A Trademark of DIEHL MANUFACTURING COMPANY 
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Readin’ and Writin’ 
and ’Rithmetic 


all in one computer 


Programs for the B251 VRC are stored 
on Mylar plastic tapes. The system can 
use up to 12 tape readers for more 
than 2,500 programing instructions at 
one time. Small, transistorized printed 
circuit boards are used to make the en- 
tire system compact and rugged. 


Here’s a computer that speaks our 
language! It’s the Burroughs B251 
Visible Record Computer, the first 
data processing system capable of 
reading and writing the same lan- 
guage that the human eye can read. 

Designed specifically for the bank- 
ing industry to handle the largest 
data processing problem in the 
world, the efficient, low-cost B251 
will fully automate the processing 
of bank checks and accounting rec- 
ords. It selects and writes directly 
on individual account records. It 
reads information directly from 
checks, deposit slips and other docu- 
ments of varying sizes and thick- 
nesses, processes the information 
and automatically computes, selects 
and posts directly to the correct 
customer’s account record. 

An innocent looking line of small 
numeric characters printed across 
the bottom of your bank checks in 
magnetic ink is the key. You can 
read it—and so can the machine. 
This is MICR (Magnetic Ink Charac- 
ter Recognition) in full-blown use. 
MICR has been named by the Ameri- 
can Bankers Association as the “com. 
mon language” for that industry. As 
used in the B251, magnetic charac- 
ters appear on every check, deposit 
ticket, and other document necessary 
to the handling of your checking ac- 
count. MICR makes it possible for 
the system to sort, read, process and 
post all bank media. 

The entire system needs only one 
person in attendance for full capa- 
city operation and is capable of per- 
forming 4,000 arithmetical functions 
a minute. 
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can save up to 40% on many 
pressure gauge applications 


Analyzed your gauge needs lately—how much 
gauge performance you're getting, compared to 
what you need and what you pay for? Perhaps 
it’s time for a closer look at United States Gauge 
with its line of 50,000 standard pressure gauges, 
plus specials (and all possible choices in case 
Styles, sizes, materials and pressure ranges). 
For example, note how you can save up to 40% 
on premium gauges and still get premium per- 
formance with the USG A-Line (top, right). 
Note, too, how you can get the exact gauge for 
any need and cut waste of under - buying or 
“over-gauging” . . . from all the gauge lines 
available at this one source. Then check the 
USG distributor listed in your Yellow Pages. Or 
write direct for catalogs and name of your near- 


est distributor today. 


UNITED STATES GAUGE 


Division of American Machine & Metals, inc., Sellersville, Pa. on. 





2000 3000 


Paying needless premium prices for reliability? USG 
A-Line pressure gauges have premium construction, 
save up to 40% on premium prices. Meet A.S.A. Grade 
A standards, including 1% accuracy. Extra rugged, 
they are built to deliver longer under severe operating 
conditions, where you do not require the accuracy of 
Grade AA gauges, but where reliability and cost- 
cutting are “musts”. Wide choice of Bourdon tubes, 
case styles and sizes, pressure ranges, and movements. 
You must see the sturdy design and price to believe the 
value and performance. Models for general-purpose 
service, altitude, refrigeration, ammonia and hydraulic 
applications. Write for Catalog 305. 














Buying too much gauge for 
your purpose? Save with 
volume-priced, precision- 
built USG Drawn Case 
Gauges for service where 
your gauge need calls for 
A.S.A. Grade B standards, 
including 2% accuracy. 
Write for Catalog 64A. 


Getting all the accuracy 
you're paying for? You 
can’t buy more precision 
than with USG Test 
Gauges which meet or ex- 
ceed A.S.A. Grade AA 
standards, including accu- 
racy as high as 0.2 of 1%. 
Write for Catalog 400. 
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Advanced developments from Bristol 


SET NEW STANDARDS IN PNEUMATIC 
CONTROL INSTRUMENTATION 


* assure dependable accurate control « easy servicing + convenience in use 


New ideas at Bristol are revo- 
lutionizing some of the older 
concepts of pneumatic control 
instrumentation. These giant 
strides are making obsolete 
inany designs that are only a 
few years old—but are already 
outmoded by modern Bristol 
equipment that gives better 
control of process variables 
and sets new standards for dependability. 

Take, for example, the new Bristol Series 
500 Wide-Band Pneumatic Controllers. 
These recent products of Bristol engineer- 
ing and development are outstanding for 
stability of output on difficult process- 
control problems. They incorporate many 
advanced features, such as reset action stops 
and a true zero derivative setting, which 
are found on no other line of pneumatic 
controllers, 


Best maintenance record 
Basic simplicity, accurate design, closely 
held manufacturing tolerances make one 
single adjustment all that’s necessary on 
the Bristol 500—even after complete dis- 
assembly and reassembly with replacement 
parts. 

This practically “built-in” calibration is 
typical of the foresight and engineering 
planning that make the Series 500 the 
easiest pneumatic control system on the 





market to service. Cut-and- 
try methods are eliminated. 
No special maintenance skills 
are required. All parts are 
completely interchange- 
able. The result: a truly su- 
perlative maintenance record 
in thousands of industrial 
plants. 


Famous Bristol measuring elements 
The heart of an instrument, whether it be 
for recording, controlling, or telemetering, 
is its sensing and measuring system. That's 
why, for the 70 years of its existence, the 
Bristol Company has thrown its resources 
into the development of measuring systems. 

Today, Bristol has longer, wider experi- 
ence in this field than any other instrument 
company. Bristol leadership in measuring 
elements is recognized and respected the 
world over. 

Bristol instruments come with the wid- 
est selection of high-quality measuring 
elements available for any line of instru- 
ments. Temperature, pressure, vacuum, 
draft, absolute pressure, liquid level, 
flow, humidity, density, pH, are just a 
few of the variables that can be meas- 
ured—plus a large number of other 
variables measurable with air-con- 
trolling electronic potentiometers and 
bridges. 





These probiems: 
1. Cascaded control 
2. Selective control 
3. Ratio control 
4. Time program control 


5. Pneumatic transmission 





SEVERAL HUNDRED STANDARD MODELS MEET 
EVERY PROCESS REQUIREMENT INCLUDING: 
These operating modes: 


1. Fixed narrow band (on-off) 


2. Proportional—to 100% and to°30% 
3. Reset with wide band—to 400% 
4. Derivative (rate) 


5. Reset plus derivative 
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Bristol pneumatic control assures 
uniform ceramic tiles 


Uniform size, color, texture and strength 
of ceramic tiles depend, among other things, 
on exact control of firing temperature. 
That’s why Orange County Ceramic Tile 
Manufacturing Company, Huntington 
Beach, Cal., makers of the brilliant SUNSET 
tile line for home and industry, use Bristol 
Dynamaster* Electronic Pyrometers for ac- 
curate automatic control of kiln tempera- 
ture. Precision automatic control insures 
an exceptionally uniform product and frees 
skilled production line supervisors from 


the need of constant checking. 
*7.M. Reg. U.S. Pat. Off. 





Electrical measurement with air control, 
electrical control, digital 
or analogue read out 


Bristol Dynamaster* potentiometer and 
bridge instruments are the most widely 
versatile electronic instruments on the mar- 
ket today. Models are available not only 
for precision pyrometry with thermocou- 
ples, radiation pyrometers or resistance 
thermometers, but for measurement, re- 
cording and electrical or air control of pH, 
speed, voltage, current, power, resistance, 
Strain-gauge output and many other vari- 
ables. An extremely wide variety of attach- 
ments and accessories is available—includ- 
ing auxiliary transmitting devices, digital 
encoders, alarm contacts, etc. Round or 
Strip charts (see photos below). Most mod- 
els available for standard 19” relay rack- 
mounting. 
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recording and telemetering instruments from Bristol 
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INSTRUMENTS HELP EXTRACT STRATEGIC MANGANESE 


These Bristol Series 500 recorders and re- 
corder-controllers are keeping tabs on the 
exclusive manganese extraction process 
used by Manganese Chemical Company, 
Riverton, Minnesota, one of the few domes- 
tic producers of chemical manganese com- 
pounds. The Bristol air-control instruments 
monitor reducing gases, cooling gases, in- 


dicate leach liquor liquid levels and record 
vital temperatures in the production proc- 
ess. The plant is in operation 24 hours a 
day, 7 days a week and the Bristol 500’s 
stand up to this grueling service with the 
same outstandingly high reliability that they 
are showing in hundreds of other chemical 
plants throughout the world. 





500’s CONTROL OIL TEMPERATURE 
FOR STEEL ROLLING 


These Bristol Series 500 instruments are 
two of a number used to control the temp- 
perature of lubricating oil supplied to the 
rolling mill main bearings on the number 
one rod mill at the Cuyahoga Works of 
,U. S. Steel’s American Steel & Wire Divi- 
sion. 

+ The instruments maintain temperature 
of the lubricants at 100°F for the entire 
system by controlling the amount of cool- 
ing water being used. 

Bristol Series 500 instruments are noted 
for their excellent maintenance record un- 
der severe environmental conditions, can 
be maintained without special skills, spe- 
cial tools. What’s more, Bristol service en- 
gineers, operating out of the main plant, 
four branch plants, and from 44 principal 
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cities, are available to help you apply series 
500’s (or any Bristol instruments) and as- 
sure you of their long, continuous, trouble- 
free service. 


TRAIL-BLAZERS IN PROCESS AUTOMATION 





3 big reasons for air-control 
in this plant 


Sometimes it’s a toss up between air or 
electronic control. Not so in Lithium Cor- 
poration of America’s Bessemer City, North 
Carolina, plant for extraction of lithium 
from low-grade ore. Three cogent reasons 
suggested air control for a large part of this 
operation: (1) positive pressure of 15 to 
20 psi would protect the system from hu- 
midity, dust and corrosive fumes, (2) short 
transmission lines (none longer than 1100 
ft., most only 200 to 300 ft.) would insure 
positive, lag-free operation and (3) cost of 
an air-control system for their $7-million 
plant was estimated at only $150,000 to 
$200,000. 





Have any doubts about what control sys- 
tem you should use? Get Bristol’s abso- 
lutely unbiased recommendation: As mak- 
ers of all types of electronic and pneumatic 
process control instruments, Bristol is in a 
unique position to help you get the instru- 
mentation that’s exactly right for your 
needs. 2.40 





ASK FOR COMPLETE DATA 


We'll be glad to send you complete 
technical information on any Bristol 
instrument. Or trained Bristol field 
engineers, familiar with the prob- 
lems of your industry, will welcome 
the opportunity to discuss a com- 
plete, integrated system of measure- 
ment, recording or control—pneu- 
matic or electronic—for your plant. 
Write The Bristol Company, 129 
Bristol Road, Waterbury 20, Conn. 











AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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Honeywell control valves are available 
for a wide range of temperatures 


Whether you’re talking about 1200 
or minus 450° F, there’s a Honeywell 
automatic control valve for your 
process flow. The Honeywell valve 
illustrated—Series 800, Type 11 
double seated— is designed to handle 
fluids at 1200° F. This application requires such features 
as: welded-in, solid stellite guide bushings . . . stellited 
guide posts . . . seal-welded seat rings . . . spiral wound, 
asbestos-filled, stainless steel gaskets . . . high-temperature 
bolting . . . extended bonnet with fins . . . designed clear- 
ances for non-sticking, non-galling operation. 





For hot or cold flows . . . or other process flow conditions 
. . . Honeywell valves are available in a wide range of 
types and sizes. When you need control valves. . . contact 
your local Honeywell field engineer. Write for new 
Catalog C800-1. 


MINNEAPOLIS-HONEYWELL, Fort Washington, Pa. 





Honeywell 
Fait uw Couctiol 
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More Action For Education 


There have been hundreds of speeches and even more pointed words since Russian successes with missiles and 
satellites shocked the American public into recognition of one of its major problems—effective eaucation. Despite 
billions of dollars worth of schools, despite the relatively high percentage of our population in school, and despite 
our record as pioneers in public education, the U.S. was doing a poor job of educating its people to become citizens. 


The public interest in this problem of more effective education was widespread but short lived. Everyone talked 
about it, but few did anything. It is gratifying to now see results of the efforts of several organized groups which 
devote themselves to the task of defining the problem, expressing a concern, and recommending a course of action 
for solution of the problem. One such group is the Fund for Adult Education, established by :he Ford Foundation 
in 1951 to help expand educational opportunities for adults. The Board of Directors of this group have recently 
made a very accurate and penetrating statement of the problem and their recommendations. 


The Concern. Man faces opportunities never before known. He faces challenges never before known. If he is to 
make use of his opportunities and meet his challenges he must match his expanding knowledge and increasing 
control of physical nature with expanding self-knowledge and increasing self-control. Associated responsibilities 
continually grow in size and complexity. The individual must make judgments on an ever-broader range of 
issues. The United States has become the leader of free peoples of the world. This requires a high order of respon- 
sibility. Because the Soviet Union is seeking world domination, this order of responsibility is further increased 
Russian leaders challenge our fundamental conviction that free people can govern themselves. While always ready 
to use military force, they patiently wait—expecting free societies to fail the long harsh tes: of moral purpose, po- 
litical will and social wisdom. Because Soviet capabilities rest squarely on education, there is an urgency that we 
meet the requirements of effective education. 


Many of us have no realistic understanding of our way of life and how it works—politically, economically and 
socially. We put low value upon participation in public affairs. There is not enough appreciation of the connection 
of education goals and our own civilizations. 


Recommendations. Education for responsible freedom is a process which should begin with birth and end 
only with death. We should improve the education of children. Parents should nor relinquish their basic role for 
education to schools and o her institutions. We should vastly increase the financial support of schools. We cannot 
afford to not pay our teachers more money. While money is necessary, it alone is not enough. We need to under- 
stand the goals and issues of better education, and give more honor to our teachers and educators. Students must 
learn to learn. We must improve the opportunities for all people to continue their liberal education after they be- 
come adults. To educate their children properly, they must educate themselves as well. 


Most urgently, we must improve and expand educational opportunities for those who bear public responsibility 
—our leaders, particularly younger leaders who are emerging. The idea of freedom is rooted in the conviction that, 
as a spiritual creature, the individual is of supreme worth; as a moral creature, he is responsible for his actions; as a 
rational creature, he is capable of governing himself. Education gives him the will and wisdom to be an effective 


member of society. 


Ci ett 


Editor 


October 1959, Vol. 6, No. 10 31 








Phillips Petroleum tells how an analog computer, by calculating reactor oper- 
I 8 P y 


ating guides in real time, not only ups production rate and product uniform- 


ity, but quickly spots erratic operation in any part of their reactor system. This 


is extremely valuable information for the advanced process-instrument engineer. 


An Analog Computer 


for On-Line Reactor Control 


by E. D. Tolin, Engineer 
and 
D. A. Fluegel, Design Specialist 
Phillips Petroleum Company 


Bartlesville, Oklahoma 


STUDIES OF DATA COLLECTED during oper- 
ation of exothermic reactors indicate that the produc- 
tion rate of reaction product can be determined by 
performing a heat balance around the reactor; also 
that an indication of the reaction-product concentra- 
tion can be obtained if production rate and reactor 
feed rates are known. We have designed a special- 
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Figure |. Location of measured variables for heat- 
balance computations on a chemical reactor. 
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purpose analog computer, using these principles, which 
continuously scans 14 process variables, computes a 
heat balance around the reactor from the input data, 
and provides a continuous indication of production rate 
and concentration. The reactor is automatically con- 
trolled by manipulating one of the input variables to 
hold a constant production rate. 

This article describes in detail the equations for 
reactor heat balance and the mechanization of these 
equations with an analog computer. 


Factors Involved in The Reactor Heat Balance 


A representative process (Figure 1) consists of a 
stirred vessel fed by solvent, reactant, and catalyst. The 
reactant goes into solution with the solvent. The reac- 
tion-product is then formed by an exothermic reaction 
in the presence of the catalyst. Subsequently, the reac- 
tion product, solvent, catalyst, and unreacted reactant 
leave the reactor as effluent. 

Heat is generated within the reactor by heat of 
mixing produced by the stirrer, the heat of solution of 
the reactant in the solvent, and the heat of reaction. 
Most of this generated heat is removed from the reactor 
by the coolant system. This heat is carried out of the 
reactor by vaporization of the cooling medium in the 
coolant coils and is finally removed from the system by 
the condenser. Heat loss through the reactor walls and 
the return line to the coolant coils also represents heat 
carried out of the reactor. 

The temperature difference between reactor feed 
streams and reactor temperature which may represent 
the addition or removal of heat, and changes in reactor 
temperature which represent heat depletion or accumu- 
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lation in the reactor, are additional factors involved in 
arriving at a heat balance around the reactor. 


Instrumenting the Reactor 


Typical locations of the transducers used to transmit 
information to the computer are also shown in Figure 
1. The transducer outputs, which represent conditions 
of the process variables, exist as, or are converted to, 
electrical signals at the computer input. These signals 
are used to make a continuous heat balance around 
the reactor. 

Solvent and reactant feed flows are measured with 
an orifice plate and rotameter respectively. Flow of 
the coolant and coolant makeup streams are also meas- 
ured with orifice plates. 

Electrical signals representing the difference between 
reactor feed stream inlet temperatures and reactor tem- 
perature are obtained from differential thermocouples 
(Tr—Ts) and (Ty—Tz,). The average solvent temper- 
ature is obtained by averaging Ts and Tp. Two other 
required temperature differentials (Ty—Ty) and 
(Try—Tec) are also measured by differential thermo- 
couples. 

Stirrer input power is measured by a Lincoln thermal 
converter in the a-c power Circuit. 

Heat loss through the reactor walls is measured by 
heat flow discs mounted in several locations around 
the reactor. Copper silver—telluride differential ther- 
mocouples are mounted on opposite sides a disc of 
known area and thickness. The signal generated is pro- 
portional to heat flow through the disc. 


The Heat Balance Equations 


Equations relating the process variables to heat car- 
ried out of the reactor are given in Figure 2A. The 
equations for heat generated in the reactor are given 
in Figure 2B, which also defines the dynamic correction 
factor for the accumulation or depletion of heat in the 
reactor and gives the equation for production rate. 

The equation for Q; normally represents heat car- 
ried out of the reactor and therefore assumes a solvent 
inlet temperature below reactor temperature. In the 
first term of the equation, the quantity Pi: indicates 
solvent density at a reference temperature R1 while 
Ap, is the change in density for each degree of tem- 
perature change, and is multiplied by the difference 
between the actual solvent temperature and the refer- 
ence temperature (Tpi—Ts). This corrects solvent 
mass flow for changes in density with temperature. In 
the second term of the equation, Cp;p2 indicates spe- 
cific heat of the solvent at a reference temperature T x2, 
and AC», is the change in specific heat per degree 
which is multiplied by the difference between Taye 
(as defined in Figure 1) and Tpe. This second term 
represents the specific heat of the solvent corrected 
for actual solvent temperature. The third term accounts 
for the difference between reactor temperature and sol- 
vent temperature. The actual computer solution for this 
equation is explained later in the description of typical 
multiplier chain operation. 
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Figure 2A. Equations for heat-balance computer: 
heat carried out of reactor. 
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Figure 2B. Equations for heat-balance computer: 
heat generated in reactor. 


Heat loss from the coolant return line is represented 
by the equation for Q2. The corrections for density and 


specific heat of the coolant have been omitted here 


because of the relatively small amount of heat carried 
out of the reactor from losses in the coolant line. 
Heat removed from the reactor through vaporization 
of the coolant medium in the coolant coils is repre- 
sented by the equations for Qs; and Qs. In effect, these 
equations define an amount of heat removed from 
the reactor system by the external coolant system, as- 
suming a constant level and constant temperature of 


the coolant in the flash tank. The first terms in the 
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Figure 3. Computer console—front view. 


equations for Q; and Q; are identical and represent 
coolant mass flow corrected for changes in density with 
temperature. The last term in the equation for Q; rep- 
resents the heat of vaporization of the coolant and is 
corrected for changes in vapor temperature by Tp; —- 
Ty. The second and third terms in the equation for Q; 
represent the specific heat and differential temperature 
of the coolant flowing through the condenser. Removal 
of heat from the reactor system by the coolant system, 
as represented by these two equations, is done by the 
condenser which removes the latent heat of vaporiza- 
tion by condensation and subsequently removes sensi- 
ble heat. 

The remaining heat losses and heat removals con- 
sidered are defined by the equations for Qs, Og, and Qy. 
The measured heat loss through the reactor wall is 
represented by the quantity V in the equation for Q,. 
A constant value which accounts for heat losses from 
parts of the system which are difficult to measure is 
included in the equation for Q». This equation also 
includes heat removal resulting from catalyst feed. Be- 
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Figure 4. Electrical block diagram of the heat- 
balance computer. 









Figure 5. Computer programer unit. 


cause catalyst feed and constant heat loss represent a 
relatively constant heat carried out of the reactor, and 
account for only a small amount of the total, they are 
included as a manually adjusted constant. The equation 
for Q« is the heat removed by the reactant feed stream 
and is proportional to the product of reactant flow, 
specific heat, and temperature difference. Here again 
it is assumed that during normal operation of the re- 
actor the reactant feed stream will be lower in tem- 
perature than the reactor. 

The heat generated in the reactor by mixing, heat 
of solution of the reactant in the solvent, and heat from 
reaction are given by equations for Q;, Qs, and Q), in 
Figure 2B. Heat of mixing is determined fro:n measure- 
ment of the difference between the power required by 
the stirrer motor unloaded (reactor empty) and the 
power required during normal reactor operation. Heat 


of solution is obtained from the product of reactant 


feed flow and heat of solution for the reactant in the 
solvent. 
In addition to heat carried out of the reactor and 


heat generated in the reactor as defined by the above 
equations, a dynamic correction is included in the heat 
balance to account for heat accumulation or depletion 
in the reactor resulting from changes in reactor tem- 
perature. This is taken into account in the equation for 
Qi and is obtained from a measurement of the rate 
of change in reactor temperature. 


The summation of these ten equations gives a value 


for Q1; which is the heat from the reaction in Bru/hr. 
Reactor production rate in lbs/hr then is obtained 
by division of this quantity by an appropriate constant. 


The Electrical System 


The electronic circuit required for automatic con- 


tinuous solution of the equations is contained in a 
pressurized cabinet. Figure 3 shows a front view of the 
computer console. The programing unit is located near 
the center with most of the remaining space occupied 
by 15 servo computing units each containing a servo- 
motor, a slidewire, and the required number of a-c 
computing and d-c telemetering pots. The lower section 
contains a precision line-voltage regulator which sup- 
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plies all the computer circuits. Figure 4 is a block 
diagram of the electrical system. 


The information regarding the current operating 
conditions around the reactor is represented by ten 
thermocouple signals, a 3 to 15 psi air signal, and 
three 0 to 0.5 volt signals from the differential-pressure 
transducers. Since the input circuit of the computer 
is a null-balance potentiometric type, it is necessary 
to convert the air signal and the three a-c signals to 
corresponding d-c voltages. This is accomplished in 
the air-to-emf converter and the square-root converters. 
The square-root function is provided to convert the 
AP signal to a signal proportional to flow. It was nec- 
essary to add a flow-averaging circuit to one of the 
flow channels to effectively reduce noise caused by 
fluctuations in the coolant flow. 


The 14 d-c input voltages are sequentially scanned 
by the input selector on instructions from the pro- 
gramer. Each input voltage representing a process vari- 
able effects a null balance of the potentiometer circuit 
through servo-positioning of its associated potentiome- 
ter-circuit slidewire. Programer instructions allow from 
two to ten seconds for each null balance. A circuit in 
the programer, capable of detecting the condition of 
balance, determines the actual timing of the input se- 
lector operation. During normal reactor operation, the 
complete scan cycle of all variables is completed in 
approximately 30 seconds. 


A separate set of reference a-c input signals has been 
made available as a means of checking computer op- 
eration and accuracy. The computer input is transferred 
to these self-check voltages periodically (for example 
hourly) by action of the programer. The self-check 
detector compares the production-rate adder-signal re- 
sulting from the self-check input signals to a standard 
voltage. If a correct answer is indicated, the detector 
instructs the programer to proceed and normal computer 
operation is resumed. If an error exceeding +1% is 
detected, an alarm is given and computer operation 


is stopped. 


Multiplication required for solution of the heat- 
balance equations is accomplished by positioning the 
a-c computing pots ganged to each of the potentiometer 
slidewires. These computing pots are connected as 
required by the equations into eight multiplier chains. 
Each chain is driven from a regulated 60-cycle supply 
so that the actual computing is done at powerline fre- 
quency. Individual chain outputs are added in an opera- 
tional amplifier summing circuit (“P” adder). Adder 
output voltage therefore represents an algebraic sum- 
mation of heat carried out and heat generated in the 
reactor. 


A correct calculation of heat from the reaction (Qj; ) 
must take into account the heat accumulated or de- 
pleted within the reactor. This is represented by an 
increase or decrease in reactor temperature and its re- 
sult is a dynamic error in the heat balance. A tempera- 
ture-differentiating circuit, operating from a thermistor 
probe in the reactor, has been used to provide this 
correction. Output of the differentiator was inherently 
a d-c voltage which necessitated conversion of the “P” 
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Figure 6. 

Computer 
console— 
rear view. 

















adder output signal to a compatible d-c voltage for the 
addition of the correction to the production-rate signal. 
The resultant signal applied to the production-rate re- 
corder yields a true indication of reactor production- 
rate. 


It has been stated that an indication of reactor con- 
centration can be obtained if reactor production and 
flow rates are known. A small “secondary” computer 
shown here as the concentration integrator performs 
this computation. Flow information is obtained in the 
form of d-c voltages from telemetering pots ganged 
to the appropriate reactor flow variables (slidewires ) 
The flow signals are combined in the “F” adder. Pro- 
duction-rate information and a feedback signal propor- 
tional to concentration are fed to the integrator by 
telemetering pots ganged to the production-rate and 
concentration recorders. 


Figure 5 is a photograph of the computer programer. 
System components contained here are the selector 
switch, servoamplifier, potentiometer circuit, and an 
associated servomotor for periodic standardization of the 
potentiometer circuit. The servomotor relay keyer tubes 
and the alarm relay are also located in the programer. 


Figure 6 is a rear view of the computer console. 
This section is devoted to the multiplier chains, self- 
check unit, and air to EMP transducer. 


Figure 8 shows one of the servo units removed 
from its location in the front panel of the console 
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A Typical Multiplier Chain 

A schematic diagram of multiplier chain one is 
shown in Figure 7. The equation for Q; (solvent feed ) 
is repeated here to show the method of solution in the 
multiplier chain. Information concerning four input 
variables is required for solution of this equation. This 
information is supplied to the multiplier by the a-c 
computing pots coupled to potentiometer circuit slide- 
wires S,; through S,. 

Density correction for solvent differential pressure, 
which appears in the first term of the equation, is a 
variable dependent on solvent inlet temperature. This 
temperature is reflected in the positioning of computing 
pot (A) in accordance with solvent temperature. The 
a-c signal from the solvent AP transducer, corrected for 
temperature, is then detected and the square root is 
taken to make the resultant signal proportional to flow. 
On a subsequent position of the input selector, this 
flow signal is used to position computing pot (C). This 
position is now proportional to the value of the first 
term in the equation. 





Figure 8. One of the computer servo units. 


The second term of the equation specifies a specific 
heat corrected for the average temperature of the sol- 
veri. This correction is inserted in the multiplier chain 
ky the positioning of computing pot (B) in accord- 
ance with average solvent temperature. The position of 
pot (B) is therefore proportional to the second term 
in the equation. 


A final multiplication proportional to the tempera- 
ture difference between the reactor temperature and 
solvent inlet-temperature is made by positioning com- 
puting pot (D) in accordance with this input variable. 
The circuit associated with pot (D) allows for a phase 
reversal of the computing voltage. The magnitude rep- 
resents the amount of temperature difference, and the 
phase represents solvent temperatures above or below 
pots to eliminate potentiometer loading errors and 
maintain a low impedance in the computing circuits. 


A d-c telemetering pot coupled to the solvent flow 
computing pot provides one of the flow signals to the 
F” added and concentration computing circuit. 
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Figure 9. Flow-averaging detector. 
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Flow Averager 


We have mentioned that fluctuating flows produce 
undesirable noise components at the computer input. 
This can be corrected by averaging the flow signal 
before it is applied to the computer input. Figure 9 
shows an operational amplifier connected as a closed- 
loop integrator used to average the coolant flow signal. 
Stable averaging with a time constant of up to 10 
minutes was obtained with this circuit by employing 
a feedback voltage (F) through R; around the inte- 
grator. The feedback has the effect of converting the 
integrator characteristic to that of an RC circuit with 
a limit established when E = F = F = 0. The cir- 
cuit time constant (ReC) is effectively increased by 
an attenuation factor (A) dependent on the position- 
ing of Rg. 


The Temperature Differentiator 


The rate of change of reactor temperature is an 
indication of the amount of heat accumulation or de- 
pletion within the reactor. A signal proportional to this 
rate of change is obtained from the differentiator cir- 
cuit. A system based on the periodic sampling and 
storage of present and previous signal voltages pro- 
portional to reactor temperature, and a periodic com- 
parison of these signals in a differential amplifier, 
produces the required signal for dynamic correction of 
the heat balance. A diagram of the temperature dif- 
ferentiator is shown in Figure 10. Because of the high 
sensitivity required for sensing small changes in re- 
actor temperature, a precise measuring system was 
required. Satisfactory results were obtained using a 
thermistor proble in a Wheatstone bridge circuit. The 
amplification and detection system was operated at 
94 cycles to eliminate interference from powerline 
sources. 


10 


The analog sampling and storage system required 
for comparison of present and previous reactor tem- 
peratures uses a two-channel capacitor storage circuit. 
Periodic sampling and storage of the reactor tempera- 
ture signal in the two channels is synchronized by a 
mechanical timer at intervals of ten seconds. The com- 
parison is based on the use (or readout) of the stored 
signals from each channel. 

The complete temperature differentiator can be di- 
vided into five functional sections to simplify a de- 
scription of its operation. Section one includes all of 
the temperature measuring circuits between the reactor 
probe and the d-c amplifier output. This section pro- 
vides a signal voltage proportional to reactor tempera- 
ture at a level suitable for satisfactory operation of the 
differentiator circuits. Sections two and three include 
the two analog storage channels which alternately sam- 
ple and store information representing present reactor 
temperature in C, and Cy (analog storage 1), and pre- 
vious reactor temperature in C3 and C4 (analog storage 
2). Section four consists of the readout cathode follow- 
ers and the differential amplifier. This circuit periodi- 
cally and alternately compares the voltage stored in C. 
with C; and the voltage stored in C, with C;. In each 
case, the comparison is between voltages representing 
present and previous reactor temperature. The resultant 
differential-amplifier output is therefore a signal pro- 
portional to dI'/dt for the reactor. Section five is rep- 
resented by the integrator which provides the means 
for reproducing the d-c amplifier ourput signal with a 
delay of 10 seconds. The integrator time-constant CoRs 
is adjusted so that the voltage read in :o analog storage 
2 is always equal to the voltage being read out of ana- 
log storage 1 at the end of each sampling interval. 

Representative waveforms of differentiator circuit 
voltages which would result from a typical reactor tem- 
perature upset are detailed in the graph included in 
Figure 10. An examination of these waveforms shows 
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that the integrator output follows the d-c amplifier 
output with a delay of one sampling interval. Each of 
the capacitors in analog storage | alternately sample 
and store the d-c amplifier output voltage, while the 
capacitors in analog storage 2 alternately sample and 
store the integrator output voltage. A comparison of 
the stored voltages in the two storage channels is made 
in the differential amplifier. Alternate comparisons are 
made between Ere; and Ego and between Er, and Ep. 
The result of these comparisons appears as the output 
voltage of the differential amplifier. Output polarity 
reflects the direction of change in reactor temperature 
while the magnitude is proportional to temperature 
rate of change. 


Concentration Integrator 

Often it is difficult to obtain up-to-the-minute in- 
formation regarding the concentration of product within 
a reactor. Since production rate and reactor feed infor- 
mation is available from the computer, the addition of 
a computing circuit for determining the concentration 
of reactor-product is relatively simple. 

The concentration integrator, shown in Figure 11, 
was designed to provide a continuous indication of 
reactor concentration. D-c signals proportional to pro- 
duction rate and concentration are obtained from re- 
transmitting slidewires in the “P” and “C” recorders. 
The “F” signal is obtained from summation of flow sig- 
nals telemetered to the “F” adder. Signals proportional 
to “P” and "—CF” are added in amplifier 1 and be- 
come —(P-CF)/V after attenuation by R2/(R; + R2). 
The concentration signal “C” represents feedback around 
the integrator, making the dynamic characteristic equiv- 
alent to that of an RC circuit. The integrator time- 
constant RoC and the attenuation factor V are adjusted 
to give an integration time-constant equal to the time 
constant of the actual reactor system. Indicated concen- 
tration will be constant when (P—CF)=0. Initial 
conditions corresponding to estimated concentration are 
set into the integrator during startup of the concentra- 
tion integrator by means of an isolated power supply. 
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Conclusions 

Excellent correlation of estimated production rate 
and laboratory concentration analysis with computer 
readouts led to operation of the reactor using the com- 
puted production rate and concentration as operating 
guides. The information contained in the computer 
readouts reflects a summary of dynamic operating con- 
ditions around the reactor which cannot be obtained 
from the measurement of individual process variables. 

Use of computed operating guides to control a re- 
actor system has proved to have distinct advantages over 
conventional control systems. This conclusion has been 
verified by definite improvements in production rate 
and product uniformity observed during extended tests 
conducted on a computer-controlled system. The more 
comprehensive picture of dynamic operating conditions 
reflected in the computer readout also aids in the early 
detection of erratic operation of any part of the re- 
actor system. 

A series of transient tests was made on the reactor- 
computer system. It was determined from the results 
that automatic control of the system from the computer 
will be stable and responsive. 
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A Cartesian Manostat for Precise 


Differential Pressure Control 


by E. C. Evans (Member of ISA) fied manostat is shown in Figure 1 and the pertinent 
section of the flow system in Figure 2. 

cll eet igatcn For any setting of the higher pressure P1, the dif- 

Technical Division, ferential pressure P1—P2, was automatically controlled 

Oak Ridge Gaseous Diffusion Plant to within plus or minus 0.1 cm Hg of the set point 

over the entire flow range, and the random fluctuations 

Union Carbide Nuclear Company did not exceed plus or minus 0.04 cm Hg. The manostat 

Oak Ridge, Tennessee is relatively inexpensive compared to other differential 

pressure controllers and requires very little maintenance. 





MANOSTATS UTILIZING the Cartesian diver 
principle’ have been used for several years to regulate 
precisely pressure, vacuum, and flow. These small, 
simple, and rugged devices act as a sensing element, a 
control valve, and a feedback loop. Commercially avail- 
able units cover a range of flows from a fraction of a 
standard cubic centimeter of gas per minute (sccm) 
to several hundred standard cubic feet per minute, and 
pressure from 0.1 mm. Hg absolute to 500 psia. Con- 
trol sensitivities of 0.1% and better can be achieved. 
Recently, the operation of a flow system required 
that a differential pressure of 3 cm Hg be controlled, 
with the higher pressure varying from 80 cm Hg to 
10 cm Hg absolute and the flow from 0.2 sccm to 
100 sccm. Since no manostat capable of such control 
was available, a metal Cartesian Manostat, No. 8, manu- 
factured by Hoke Manostat Corporation, was modified 
to fulfill the need. A pressure tap was installed under 
the float and the float was weighted to provide the Figure |. Showing how a standard Cartesian mono- 
differential pressure of 3 cm Hg. Since space inside stat can be modified for precision control of dif- 
the manostat was limited, a high density material was ferential pressures over wide flow-rate changes. 
necessary for the weight; and, furthermore, it was re- 
quired that this material should not react with mercury 
or the process gas. Waste uranium metal was used in 
this application. Stainless steel would have been ac- 
ceptable if the space had not been so limited. The modi- 


*This article is based on work done at the Oak Ridge 
Gaseous Diffusion Plant operated by Union Carbide Cor- 
poration for the U. S. Atomic Energy Commission. 


*Gilmont, Roger, Theory and Operation of a Cartesian 


Diver Type of Monostat, Analytical Edition, Industrial . . 
and Engineering Chemistry, Vol. 18, Page 633, October Figure 2. How to connect the modified monostat 
15, 1946. for differential pressure control. 


October 1959, Vol. 6, No. 10 





40 











Figure |. With this im- 
pressive big panel, opera- 
tions of all electric-pow- 
ered pumps, corveyors 
and other heavy - duty 
equipment are centralized 
(center). Wattmeters 
warn of overloads (left). 
pH and watts are record- 
ed (right). 


Instrumentation Ups Efficiency 


in Coal Preparation 


Few of us would have considered the coal industry as a leader in instrumenta- 


tion. But this story dramatically demonstrates that automation has been moving 


fast in at least one leading coal-mining and preparation firm. However, they 


now find their further progress blocked by lack of adequate instruments. 


by R. E. Joslin 
Manager, Preparation Department 
Clinchfield Coal Division 
The Pittston Company 


Dante, Virginia 


INSTRUMENTATION PROBLEMS in modern coal- 
preparation plants can be compared to those in any 
modern factory. At our Moss No. 3 Preparation Plant, 
we feed 1500 tons of raw coal per hour to the plant 
where it is separated into four products:' 1. high-grade 
metallurgical coal for the steel industry; 2. steam coal 
for public utilities; 3. aggregate for making of light- 
weight concretes; and 4. refuse or waste.* Each product 
is washed, heat dried and sized to specifications. When 
one considers this tonnage, and knows that each product 
is controlled for quality, size, etc., the need for instru- 
ments in our plants is obvious.” 


Centralized Operation Control 


Fifty thousand gallons per minute of water is re- 
quired for washing and gravity-separation of these prod- 


Superior numbers refer to similarly numbered references at the end of 


his article 


ucts. 78,000,000 Bru per hour are required to heat dry 
the 34 inch sizes. Our plant operators must be able to 
control all of these operations and keep them up to 
specifications to assure the customer he will receive the 
quality coal which he has ordered. 

One of our most important instruments is an old 
one—the ampere meter ( Figure 1), usually calied “amp 
meter.” In the last few years, we have used more and 
more of these amp meters un belt conveyors, flight 
conveyors, pumps, and all heavy-duty equipment. They 
are flush-mounted on our panel boards in full view of 
the operator. With these amp meters, each powered 
unit can be operated at its maximum capacity without 
danger of motor failure. Amp meters also are very 
useful in detecting mechanical failures and permitting 
corrections before a major breakdown occurs. 


Specific-Gravity Control of Heavy Media 


One of the most important problems in any coal 
cleaning plant is the control of specific gravity at which 
the products are separated.* For example: if gravity of 
separation is allowed to increase from say, 1.3 to 1.35, 
the ash in the clean product will be higher than normal. 
On the other hand, if gravity is allowed to decrease to 
say, 1.25, we would have a lower than normal ash, and 
at the same time be discarding low-ash coal to waste. 
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Even under the best conditions, manual control is ac- 
curate only to +0.02 specific gravity. When the opera- 
tors have other duties to do or are careless, manual 
gravity-cup readings can vary +0.03 specific gravity. 
Such wide variations in our coal could mean the varia- 
tions in ash content of 0.75% from mean to extreme. 
It takes about two minutes to take a proper reading 
with the Denver cup.® For good operation, authorities 
recommend taking these readings every 15 minutes. 
With nine vessels to control, this means one man, doing 
nothing else, would require 18 minutes between read- 
ings. In this short period, with a reading on the low 
side, it is possible for the vessel to operate for 30 to 
45 minutes at too-high or too-low gravity. 

To assure our customer of consistently high-quality 
coal which does not vary from required standards, we 
have installed nuclear specific-gravity indicators on all 
nine heavy media vessels (Figure 2). The nuclear 
density-measuring system determines the density (or 
specific gravity) of fluids flowing through the measur- 
ing head® (Figure 3). The meter includes an indicator 
on its front panel, and we have connected a recorder 
to provide 24-hour recording of performance. 


Principles of Operation 


This density-measuring instrument operates on the 
principle of radiation absorption. On one side of a 
short section of pipe is mounted a gamma radiation 
source; a radiation detector is mounted on the other 
side. Since radiation absorption is proportional to the 
mass it is passing through, the amount of radiation re- 
ceived by the detector varies as the density of the 
constant-volume of material in the pipe changes. The 
electrical signal from the detector is preamplified and 
read out by a recording and controlling instrument. 

The heavy construction of the measuring head not 
only provides a rugged housing, but also serves to lower 
the radiation external to the unit to a level below the 
recognized tolerance. 

With this instrument, our operators know at all times 
the specific gravity of all nine separation vessels. By 
accurately controlling the gravity, we are assured that 
the ash content of the product loaded into railroad cars 
will be well within the tolerance allowed, and that 
each car of coal loaded will be exactly what the customer 
specifies. 

Since installing these meters, we have used less mag- 
nitite, because the operators no longer add an excess 
amount; whereas, with the old manual system, there 
was a tendency to add too much at one time. By the 
same token, operators do not forget to add magnitite, 
allowing gravity to decrease, and thereby losing low- 
ash coal to refuse. 

In the Moss No. 3 Plant, magnitite is handled in an 
air slide system. Our next “automation” project will be 
to place the density meter in closed-loop control to add 
the magnitite auto: atically as needed. When this is 
done, the control of gravity in all our vessels will be 
completely automatic. 

The following table shows how much the uniformity 
of ash content was improved by instrumentation at our 
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Figure 2. This radiation-type density meter, con- 
trolling gravity of the heavy medium used in classi- 
fying coal, resulted in 300 per cent improvement in 
uniformity of ash content. Instrument is an Accu- 
Ray, by Industrial Nucleonics Corporation. 


Moss No. 2 Plant where the first meter was installed, 
taking a period one month before installing the meter, 
and one month following. 


BEFORE INSTRUMENTATION 


No. Average 
Cars Ash High Ash Low Ash Difference 
250 5.14 5.70 4.78 0.92 


AFTER INSTRUMENTATION 
247 5.06 5.22 4.90 0.32 


Automatic Thickener Control 


We use approximately 50,000 gallons of water per 
minute in circulation, for washing and gravity-separa- 
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Figure 3. Flow diagram of the heavy-medium 
separation process for coal cleaning and prep- 
aration. With modern instrumentation, 22 men 
process 10,000 tons of coal per 8-hour shift! 











Figure 4. Thickener, filter and dryer electrical 
controls are centralized on this panel (center). 
Furnace and dryer temperature recorder control- 
lers are in panel wings (left and right). 


tion of our four products. The Moss No. 3 Plant is a 
closed system, and its water must be clarified for reuse. 
In passing through the various plant units, the water 
picks up fine coal, clay, etc. This material is essentially 
—35 mesh, and the larger portion is —325 mesh. To 
clarify this water, we have three large thickeners, each 
130 feet in diameter by 10 feet deep, and each holding 
approximately 2,000,000 gallons. These thickeners serve 
two purposes: water clarification, and partial storage for 
the fine settleable solids. As these solids settle to the 
bottom, they are drawn by a rake mechanism to the 
center and collected in a center well. From here they 
are drawn off through the bottom by’ means of a dia- 
phragm pump, and pumped to a disc filter where the 
free water is drawn off and the thickened solids dis- 
charged as a dry cake containing 75% solids. 

Since these thickeners are used for a dual purpose, 
water clarification and storage of solids, the rake mech- 
anism which pulls the solids to the center must be 
controlled. These rakes revolve at a constant speed; 
and, as the solids build up, the load on the rake motors 
also builds up, to the point where it would stall the 
rakes, necessitating thickener clean out. One motor 
rotates the rakes which collect the solids in the bottom 
of the thickener. A second motor operates the raising 
anc, lowering mechanism. 

A contact-making polyphase wattmeter measures the 
power taken by the motor which rotates the rakes, thus 
measuring the load of rotation on the rake arm. This 
meter is provided with normally-open high and low 
contacts, which can be independently adjusted. The 
high contact is adjusted to close if power measured ex- 
ceeds the high limit desired for the rake-rotating motor. 
This contact energizes the motor to raise the rakes. The 
low contact is adjusted to close if the power measured 
falls below the low limit desired, which energizes the 
motor to lower the rake arm. These arms have a ver- 
tical travel of 24 inches. Thus, we have considerable 
storage for the fine material. This is important, since 
the percent fines in the feed to the plant varies from 
hour to hour, and the thickeners must accommodate 
this fluctuating load. 
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Automatic Nuclear Filter Control 


Solids accumulating in the bottom of the thickener 
are drawn off by diaphragm pumps which discharge to 
an Open-top sump. From this sump, the thickness sol- 
ids are pumped to the disk filters. To assure uniform 
percent solids feed to these filters, we have installed a 
nuclear meter in the line which reads percent solids, 
which is the same type of meter as used on the magni- 
tite lines. At present, this meter is used as an indicator. 

When percent solids is too high, water is added to 
bring the solids to the right percent for feed filter. 
When percent solids is too low, the diaphragm pumps 
are slowed down. 

Before installing these nuclear meters, percent solids 
fed to the filters varied from 30% to 40%. After in- 
stalling the meters, our operators were consistently keep- 
ing solids fed to the filters at 38 to 40% —an improve- 
ment in uniformity of 500%. 

Here we again have a continuous record of the per- 
cent solids, and we are no longer using the hand 
gravity-cup as a check. 


Temperature Controllers 


In our heat-drying section, we have eight multi-louvre 
dryers and four furnaces—two dryers to a furnace. 
Here we use the usual thermocouples for control of 
temperature.’ These are connected to air controllers 
which regulate hot-gas flow through the dryers. All in- 
struments are panel mounted. (Figure 4). 

In addition, we have the following miscellaneous in- 
struments: an elapsed hour clock is used on some equip- 
ment, purely as a check on maintenance; and other in- 
struments are used such as bin controls, sump controls, 
belt scales, etc. 

Although the past five years have seen much new in- 
strumentation introduced into the coal industry, I feel 
we now have gone about as far as we can without new 
and better instruments. We look to the instrument 
makers to develop rugged, in-plant designs for: 


1. Automatic coal-mois :e measurement and control. 
2. Automatic ash meas. ement and recording. 
3. Rapid automatic measurement of sulphur content. 


Truly, in the modern coal preparation plant, instru- 
ments are a must to produce quality-controlled products 
economically. 
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Computer 
Revolution 
in the Library 


LIBRARIES OF THE FUTURE will not be the 
hushed, book-lined rooms we are used to, watched over 
by a gentle lady cloistered from the turmoil of the 
outside world. Rather, they will hum with electronic 
activity, scintillate with flashing lights and answer in- 
quiries with microfilm, punched tape or machine typed 
pages. Tomorrow's libraries, throbbing with scientific, 
industrial and commercial research, may dismay the 
old-fashioned scholar, but they will delight the busy 
engineer or executive who wants ai] the information 
—and wants it fast! 

Today’s problems in technical literature are stagger- 
ing indeed: there are about 50,000 journals now pub- 
lished internationally in the physical and natural sci- 
ences alone! Our US Patent Office is four years behind 
in patent searching; and Chemical Abstracts, only one 
of 300 US indexing services, abstracts 100,000 articles 
per year. Small wonder, then, that a major steel com- 
pany executive has claimed — it’s cheaper to repeat a 
$100,000 experiment than to pay for a literature search 
to learn if it has been done before! 


5000 Times Faster 


World focal point in a drive toward a scientific 
solution to this staggering literature burden is Western 
Reserve University’s “Center for Documentation and 
Communication Research.” Possibility of establishing 
there a world scientific document center became reality 
with the recent announcement by WRU president John 
S. Mills that General Electric is building an advanced 
prototype of the older WRU Searching Selector, which 
will be called the “GE-250.” When installed in Feb- 
ruary 1960, the GE machine will be capable of search- 
ing the entire scientific literature of the world in 1121%4 
hours! It will automatically review and compare, at 
5000 times the speed of the older WRU machine, ex- 
tensive files of information to determine which piece 
of data answers in whole or part any specific inquiry. 

Of most value to engineers: the new machine will 
be able to search, for example, a year’s output of world- 
wide metallurgical literature in 6 minutes, of chemical 
literature in one hour, or the entire collection of US 
company reports in a few minutes. Even the old WRU 
Searching Selector does wonders: since last January, 
it's been keeping 10 business organizations up to date 
on scientific events in their respective fields. With 
the new machine, WRU will offer such service to all 
30,000 members of the American Society for Metals. 







THE PRESENT WRU SEARCHING SELECTOR. 
When a search request comes in, human operators 
encode machine for that question, insert an en- 
coded "library" paper tape into Flexowriter (low- 
er left) which Bt sm data into selector. Machine 
rattles through response and rejection, and Flexo- 
writer types out serial numbers of relevant ab- 
stracts, operations requiring days or weeks of 
manual search. 


Last month, WRU and the Rand Development Corp. 
co-sponsored in Cleveland an international conference 
on machine searching and translation. Seventy-five pa- 
pers from 10 countries brought together leading thought 
from the whole world, including the USSR. Primary 
conference purpose: development of a common machine 
language for technical literature search and translation 
by automatic equipment. Based on his recent visit to 
the Soviet Union's giant scientific information center, 
Allen Kent, association director of WRU's Documenta- 
tion Center, believes the new GE-250 will put the 
US back on a par with the USSR in mastery of scien- 
tific information. 


THE NEW GE-250 SEARCHING COMPUTER. 
With transistors instead of vacuum tubes in its 
innards and magnetic tape instead of paper tape 
for its "library," the new machine hums, not rat- 
tles, 5000 times faster than the old. With ma- 
chines like this, a world-wide scientific data proc- 
essing center is technically possible right now. 
Chief obstacle: international agreement on philos- 
ophy, methods and codes. 








THE FIELD OF INSTRUMENTATION 


— p Scanning ed ROE 





Practice Drills—to teach officers 
of the first nuclear-powered mer- 
chant ship ‘“‘Savannah’’, are un- 
derway on this Westinghouse 
simulator. Instructor sets up both 
routine and erv\ergency proce- 
dures on his console (foreground). 
Student manipulates controls on 
panel (rear), an exact replica of 
the real panelboard. (See p. 38, 
ISAJ, 8/59). Reactor operation is 
simulated in detail by the PACE 
analog computer (right), and re- 
sults read out on ‘he panel in- 
struments. 





Fine Print. A big step forward in making 
smaller printed electronisms is the tanta- 
lum or titanium “‘sputtered resistor’ tech- 
nique developed by D. A. McLean of Bell 
Laboratories. His left hand holds a sput- 
tered-resistor printed circuit which is 
equivalent to the unit with conventional 
resistors, in his right. All connections, as 
vell as resistors, are made by sputtering 
in a single operation. CEC metals evapo- 
rator which produced the device is in 


right background. or 





No Stickup. The “gun” held by the Mar- ee 
quardt Corp. worker (left) is a Mine Safety 
Appliances boranes-in-air detector. He's 
checking for the slightest trace of toxic 
vapors as his coworker transfers the highly 
poisonous and inflammable high-energy 
liquid missile-fuel from delivery tank to 
fuel system. After use, gloves, clothes, 
masks and helmets (all by M-S-A) are ster- 
ilized, inspected and sealed in plastic bags 
ready for reuse. 
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Instrumentza?ion in Yakut. For the 
study of “ca aic showers,’’ Dmi- 
try Krasilniku (left) and Nikodim 
Yefimov, designed and built this 
electronic instrument. They are 
young scientists at the Yakut 
Branch of the USSR Academy of 
Science in Southeastern Russia. 





Was Einstein Wrong? Our Nationa! Aero- 
nautics and Space Administration will soon 
find out in what may be one of the most 
significant, far-reaching experiments of all 
time. Here Dr. Harold Lyons, head atomic 
physicist at Hughes Aircraft, shows how 
his invention, the atomic clock, accurate 
to one second in 1000 years, will be orb- 
ited in a satellite at 18,000 mph, while its 
time-keeping is radio compared to an 
“identical twin’’ clock on the ground. Ac- 
cording to Einstein's special law of rela- 
tivity, a clock running in the reduced gravi- 
tational field of space should run fast com- 
a? pared to a clock on earth. 


a 


—_— 





——— 
Blue Sky in 1833. This beautifully made yee 
maze of gears and dials is part of his ‘‘dif- —— 
ference engine,” built in 1833 by Charles — 


S 


Babbage, Cambridge University mathema- 
tician. All that is left now is this intricate 
relic of a superb intellect, born a century 
before his time. His computer was scoff- 
ingly called ‘‘Babbage’s Folly’’ by his con- 
temporaries. But with the arrival of our 
“computer age,” many of Babbage's 
‘dreams’ were proved valid and put to 
work in modern digital computers. (Photo 
—British Crown Copyright, Science Mu- 
seum, London.) 
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* Through his work as an instrumentation consultant to many industrial and 


municipal plants, the author often has considered the need for adequate 


instrumentation facilities for many plants — both small and large. Out 


of his broad experience, he has formed some very useful rule-of-thumb 


ratios for workers instrument 


per 


How Big Should 


and 


shop area per instrument. 


an Instrument Shop Be? 


(MAINTENANCE LOG NO. 53) 


by John W., Fulton 
(Member of ISA) 
Instrument Engineer, Metcalf and Eddy 


Boston, Massachusetts 


TODAY, ALMOST ALL industrial plants—large or 
small—use instruments. It is vitally important that you 
determine correctly the facilities for proper mainte- 
nance of these instruments, in order to protect capital 
investments and to provide profitable operation. How- 
ever, the requirements for proper instrument mainte- 
nance vary greatly—both in size and kind—with the 
type, location, and size of the plant. 

The following recommendations are intended to 
guide you in assessing how large your instrument main- 
tenance facilities should be. Please note that these rec- 
ommendations are only approximations, since it is im- 
possible to form exact rules for figuring maintenance 
requirements. 


What Does Good Maintenance Take? 


What exactly is required for proper instrument main- 
tenance? I think facilities can be classed into four broad 


headings: 
1. Number of instrumentmen. 
2. Shop space. 
3. Shop equipment. 


4. Parts stock. 


In this article, 1 divide plants into three sizes, based 
on the number of instruments they contain. This count 
should not include simple indicating instruments like 
pressure gages, stem thermometers, rotometers, etc. I 
then discuss the above four requirements on the basis 
of the plant size, instrumentwise The three sizes of 
plants I define as: 


1. Small plants (up to 25 instruments) 
2. Medium size plants (25 to 200 instruments) 
3. Large plants (over 200 instruments) 


But before specific maintenance-facility recommen- 
dations are discussed, several general considerations com- 
mon to all plants—large or small—should be under- 
stood. 


GENERAL CONSIDERATIONS 


Selecting Your Men 


The qualifications of the men selected for instru- 
ment maintenance work depend on types and varieties 
of instruments installed. You had better select a man 
with mechanical ability and at least a high-school edu- 
cation. If he has additional training, so much the better. 
Some colleges and technical schools offer night courses 
which will contribute much to understanding of instru- 
mentation. 

Perhaps if I give a “for instance,” it might help in 
understanding the selection of instrument maintenance 
people. Suppose our plant has been in uperation for 
some time, economically beginning to find it necessary 
to use instruments. Their importance to our processes 
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becomes apparent and, even though we have perhaps 
only about 25 now, we know there will be more in- 
struments later. We need someone to take care of them. 
Now, do we hire a new man, or transfer a present 
employee? What kind of a man? Do we give him any 
authority? Do we pay him a wage or a salary? Finally, 
how do we train him, since we have found out that 
instrumentmen are practically unobtainable—at least at 
the price we have set? We have both electrical and 
pneumatic instruments and controllers, and several dif- 
ferent types of measurement. 


I would suggest that we might best look for a young 
man-—20 to 30 years—now an employee, a high-school 
graduate with further technical training, perhaps work- 
ing as a mechanic or an electrician. He being familiar 
to everyone in the plant and with the plant, that nec- 
essary part of his training would be eliminated. We 
would provide him with his own shop, not a big one, 
and make him responsible for the proper operation of 
all process instruments including valves. We would 
provide him with extra help, when necded, as for in- 
stance, the removal of a large valve for changing its 
seats. His word would be final on the operation of the 
instruments—the same way electric motors are in the full 
charge of the electrician. We would consult him when 
we afe going to purchase instruments. None of this 
would be done overnight, but would follow in a logical 
sequence as he took hold of his new job. 


Do You Need A Shop? 


One question asked very often is “At what point 
should I consider an in-plant instrument shop?” Here 
you must weigh several variables: the number and type 
of instruments, the availability of shop space, the num- 
ber of spare parts to be stocked, and the number of 
instrumentmen needed. The size of the shop will be 
most strongly influenced by the number of instruments 
in your plant. While it is not an inflexible rule, one- 
half square foot per instrument is a good average to 
consider, providing the other factors mentioned also 
are evaluated in the final assignment of space. And 
don’t forget the need for a storeroom for standby in- 
struments and spare parts. 


Not only should the instrument shop be a separate 
room, but it should also be kept locked when unoccu- 
pied. While instrument shop equipment and spare parts 
aren't very expensive, their importance cannot be mini- 
mized. In emergencies, when a whole process must be 
shut down until an instrument is repaired, it és essen- 
tial that all shop tools and spare parts be available and 


not “on loan.” 


Good Lighting. Proper lighting is an important fac- 
ter often overlooked. While not all the work in an 
uustrument shop is in the watchmaker’s category, there 
are enough detailed operations to warrant special atten- 
tion to lighting. Even the heavier instrumentation such 
as control valves and hydraulic cylinders sometimes pre- 
sent intricate repair problems that require well-lighted 
areas. 
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Good Tools. It is certainly true that efficient instru- 
ment repair work can be done only if the proper tools 
are provided. While you may be unable to determine 
the entire range and types of tools required until after 
your shop has been established, there are certain basic 
tools that are indispensible. In addition to the so-called 
special tools, various size screwdrivers, pliers, open-end 
and adjustable wrenches, jewelers screwdrivers, right- 
angled screwdrivers, etc., as well as odd-sized tools not 
commonly found in an ordinary tool kit, such as valve 
wrenches, will be needed to start off your shop. 


Record Keeping 


Even the smallest instrument shop must keep some 
records and files. And, when a full-time instrumentman 
is assigned, there will be a real need for better records. 
There will be demand for more information on instru- 
ments, not only how to maintain them, but how to 
apply them, install them, and repair them. 


A good filing system should be set up so that bulle- 
tins on the various instruments, their installation, main- 
tenance, and instructions, and the listing of major re- 
pair work done on them, will be readily available. Some 
plants devote a separate file cabinet to this reference 
material, using it also for storing recorder charts and 
for filing completed chart records. If it is important 
enough to make chart records in the first place, they 
should be preserved in a cabinet in a dry location. 


In a big shop, it may be found more helpful to work 
out a method of cross-indexing, in addition to the single 
file-envelope identifying the instrument and its use and 
containing records of all major repairs to that instru- 
ment. A particular instrument taken off for repair might 
not necessarily be put back in the same spot. This main 
file can consist of envelopes containing repair data and 
complete instrument specifications. A separate card file 
can provide cross reference according to instrument lo- 
cation in the plant, so that using either the instrument 
name or its location, an instrumentman can obtain what- 
ever data he needs. 


How Many Spares? 


It is difficult to generalize on the quantities and types 
of spare parts which should be stocked in an instrument 
shop. Similar plants can have an entirely different spare- 
part requirement. Not only should types of instruments 
be carefully inventoried prior to ordering parts, but notes 
should be made of any that are installed in locations 
where they are susceptible to damage, or any whose mal- 
function could cause process shutdown. You'll find it 
helpful, too, to have notes on the shelf-life of parts in 
question, and the time involved in reorder and delivery. 
With this information, you can set your parts require- 
ments, but only approximately: even the most experi- 
enced instrumentman cannot foresee the exact number 
of replacement parts which will be necessary. 
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How Accurate? 


In deciding on the instrument-shop standards you 
will need, you must consider also the accuracy of cali- 
bration you require. These requirements vary greatly 
from plant to plant, and even from process to process 
within the same plant. For example, you may not want 
a particular instrument or process to be highly accurate 
as long as it is repeatable; on the other hand, your 
processes might require accuracies even better than that 
stated by the instrument manufacturer. Once you have 
defined the accuracy you need, you must buy standards 
which can meet these accuracy needs. That is, your 
standards must have measuring accuracy better than that 
needed. Note that industries most dependent on instru- 
ments for process work have found the greatest need 
for accuracy. To standardize on certain process tempera- 
tures, pressures, etc., these industries have trended toward 
greater accuracies, so that their measurements can be 
commuuicatee and compared. 


Good Standards 


Any plant that needs an instrument shop and one or 
more full-time instrumentmen, also needs very good 
reference standards. Yet, through lack of understanding 
of their importance, standards have often been neglected. 
One misconception that has persisted over the years is 
that a glass-stem thermometer should be accepted as 
accurate to the point where it his sometimes been trusted 
over the more expensive and better constructed record- 
ing thermometer. Unreasonable as it is, this impression 
has been difficult to correct. By this, I do not imply that 
a glass thermometer cannot be used as a standard, but 
only caution against its use unless it has been certified 
by the U. S. Bureau of Standards. 


The type of standards needed in a shop depend on the 
types of instruments to be maintained. If there are many 
differential-pressure instruments, a water-column is nec- 
essary as well as a mercury column. For pressure gages, 
a dead-weight tester, or specially-made test gages, will be 
needed to cover the ranges of instruments in use. 


You must always bear in mind the factors of econom- 
ics. It may be that calibrating at five or more points on 
an instrument scale to achieve even greater accuracy than 
the manufacturer guarantees, will cost the plant more 
instrument maintenance time than it is worth. Converse- 
ly, a single-point check is practically worthless, and again 
represents wasted time and money. Economizing on 
standards either by purchasing inexpensive ones, or 
using homemade rigs, usually doesn’t pay off. 


The care that should be given to standards cannot be 
overemphasized. Standards never should be used for 
anything other than standards. For instance, never use 
your test gages to replace defective production gages. 
Whenever possible, follow the instrsment manufactur- 


er's procedure: they check their working standards - 


against reference standards which are, of course, capable 
of greater accuracy than the calibration standards that 
are used daily at the benches. 


HOW BIG SHOULD YOUR SHOP BE? 


The Small Plant—! to 25 Instruments 


How Many Men? Under certain conditions, instru- 
mentation of small plants can be adequately maintained 
and serviced without a full-time instrumentman. This 
is usually the case in a plant with fewer than 25 in- 
struments. Here, it would be economically impractical 
to employ a full-time instrumentman. Instead, you 
should make arrangements with the instrument makers 
for periodic service under contract. 





However, to supplement this periodic service, there 
should be one man in the plant with sufficient knowl- 
edge of the instruments to care for them in emergencies. 
Adequate training can be given by the instrument manu- 
facturer to one of your maintenance men, or plant engi- 
neer. 


Spare Parts. Except for a few spare parts recom- 
mended by the manufacturer, no stock is necessary. 
This is one advantage of a periodic service contract. 
With the spare parts inventory minimized, there is no 
need for a special instrument shop or equipment. No 
more clerical work should be done than is necessary to 
inventory the equipment. 


The Medium-Size Plant—25 to 200 Instruments 


How Many Men? For 25 to 200 instruments, it is 
good practice to have trained personnel for service. A 
rule of thumb is one man for each 100 instruments. This 
rule certainly would apply if more than 75% of your 
instruments are controllers. Of course, the ratio of in- 
strumentmen to instruments will vary according to plant 
conditions: instruments in extremely dusty or corrosive 
atmospheres will require more service. 


Spare Parts or Subassemblies? With only 25 to 200 
instruments, you probably will find it less expensive to 
stock complete subassemblies, or even complete instru- 
ments, rather than individual spare parts. Certainly, you 
should not try to repair subassemblies, since personnel 
and facilities are definitely limited. For example, the 
repair of an electronic amplifier or a pneumatic control 
mechanism would be inadvisable. However, if your plant 
is far removed from sources of supply, you could find it 
economically feasible to repair broken parts. 


The Large Plant—More than 200 Instruments 


Specialized Instrumentmen? As the number of instru- 
ments in a plant increases beyond 200, the increased 
workload places new demands on instrumentmen, on 
the shop, c the equipment, and on the spare parts 
stock. My estimate of one man for each 100 instruments 
will undoubtedly call for additional help. 


Even greater loads are faced as the number of instru- 
ments increases to 500 and 1000. Beyond the 500 point, 
one of your instrumentmen should be designated as a 
shop supervisor. Further, an experienced instrument 
technician or a graduate engineer should be assigned as 
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instrument engineer, to coordinate instrument applica- 
tion and maintenance with production requirements. 

With more than 1000 instruments to care for, the 
maintenance group, now operating a full-fledged shop, 
should begin to specialize, dividing the work into elec- 
trical, mechanical, and hydro-pneumatic. The clerical 
load also will become a problem, and I would advise the 
appointment of a full-time assistant to relieve the su- 
pervisor of clerical chores. 


How Big a Shop? As the number of instruments in 
a plant passes 500, a separate office should be added 
for the records-clerk and his files, and for the supervising 
technician and/or instrument engineer. And larger and 
more complete spares stocks will require much larger 
storerooms. 


W hat Equipment? As the volume and variety of work 
expands, more and better tools must be added. You 
should consider heavier power tools—post drills, bench 
grinders, and possibly a metal-turning lathe. Certainly, 
more and specialized bench set-ups will be needed. More 
ait and electric service outlets should be supplied. 

In the office, desks, chairs, tables, a bookcase and 
“iling, cabinets must be added. A system of detailed 


Centralized Control Speeds Oil Delivery 


A new microwave system keeps oil moving through 
the ‘big inch” pipelines of Ohio Oil Company stretching 
across Illinois, Indiana and Ohio. Full communication 
and control—voice, telemeter and supervision—are now 
centralized at Findlay, Ohio, headquarters. 

The graphic panel “batch board” at Findlay (see 
photo) is divided into two sections—‘product” and 
“crude”—representing the two pipelines being con- 
trolled. Data from the console (foreground) are manu- 
ally posted on the appropriate part of this board. The 
operator is shown moving colored plastic tags along the 
board to denote the location of batches of differing 
products as they move through the pipelines. Thus, the 
dispatcher can scan conditions all along hundreds of 
miles of pipeline with a single glance. 

The console, made up of EMCOR modular enclo- 
sures, mounts telemeter indicators which read out tank 
level, suction and discharge pressures, specific gravity, 
line temperature and flow rate from many points of the 
system, as selected by the operator with the toggle 
switches and pushbuttons shown. Pilot lights on the 
panelboard show which transmitters are connected. Flow 
readings are converted by Bailey Metrotype into tele- 
printer code for transmission by Motorola microwave, 
and printed out on teletypewriters, as selected by the 
Findlay operator. 

Two crude-oil pumping stations in Indiana have auto- 
matic pumps and control valves enabling remote opera- 
tion, monitoring and control by Findlay operators, which 
eliminates 24-hour attendance at these stations. Any 

















































process-flow and standard instrument installation dia- 
grams should be drawn up and made available to your 
men. And reference books, instrument magazines, and 
complete service-manual files should be added to your 
office. 

It could now be economical to repair most subassem- 
blies, rather than to discard them or to return them to 
the factory for repair. 


Conclusion 


One thing I should like to stress: whether you have 
a new plant, or an established one, and whether you are 
bringing in trained instrumentmen, or you are going 
to train your own—give him or them full charge over 
the instruments and everything concerning them. 

The capital investment in instruments is large—any- 
where from 10 to 25% of plant total: and, proper in- 
strument use cannot be minimized. Therefore, training 
should not be for the instrumentman alone, but for the 
plant executive, to better understand their use and ca- 
pabilities; the plant operator, to have the mysterious 
black-box correctly explained; and other plant mainte- 
nance personnel, to appreciate that process instruments 
are in a class by themselves. 


pump can be locked out, either locally or by Findlay, 
and cannot be started from the other point until the 
lockout has been removed. 

Previous to this system, most data were collected by 
Findlay via telephone—consuming much time of field 
men. Now, with all data instantly available at the press 
of a button, overall efficiency is much improved for 
both Ohio Oil and its customers. 
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Figure |. 
The 
Spectrophoto- 


fluorometer. 








A New Instrument 


for Fluorescent Analysis 


A new instrument—the Spectrophotofluorometer'—analyzes compounds 


by exciting them with UV light and measuring their resultant fluores- 


cence. This powerful new technique analyzes samples as small as 0.1 


milliliter of a wide variety of biological and pharmacological com- 


pounds in concentrations as low as 0.001 micrograms/milliliter. 


by H. K. Howerton 
Chief, Product Development 
American Instrument Company 


Silver Spring, Maryland 


THE SPECTROPHOTOFLUOROMETER is a com- 
mercial adaption of a model developed at the U. S. Na- 
tional Institutes of Health by Dr. Robert L. Bowman*?. 
The original concept was due to Dr.’ B. B. Brodie** 
and Dr. S. Udenfriend*** who recognized the lim- 


Patent pending, other patents applied for. 


‘Superior numbers refer to similarly numbered references 
at the end of this article. 

*Chief, Laboratory of Technical Development, National 

Heart Institute, National Institutes of Health, Bethesda, Md. 





**Chief, Laboratory of Chemical Pharmacology, National 
Heart Institute, National Institutes of Health, Bethesda, Md. 


Laboratory of Clinical Biochemistry, National 
Heart Institute, National Institutes of Health, Bethesda, Md. 


itations <° filter fluorometers and the need for con- 
tinuous measurement of excitation and fluorescence. 
Existing fluorescent methods are now being extended 
to the ultraviolet region, and an important method of 
process control is being added by the ability to rapidly 
indicate the amount and wavelength of interfering 
fluorescence and scatter (usually unaccounted for in 
other fluorometers ) . 

The introduction of high-intensity xenon continuum 
light sources (Hanovia) has made available ultraviolet 
exciting wavelengths other than those provided by 
usual line-spectra sources. The development of photo- 
multiplier tubes (RCA) has provided sensitive detectors 
of fluorescence in the visible, ultraviolet and infrared. 
Versatility is provided by a system of two grating mono- 
chromators—one for exciting (activating) light; one 
for fluorescent light—which display either the excita- 
tion spectrum or fluorescent spectrum. Equivalent ab- 
sorption characteristics thus are obtained at concentra- 
tions which are orders of magnitude lower than those 
obtained by spectrophotometry. 

The five units of the Spectrophotofluorometer are 
shown in Figure 1. All components operate on 115- 
volt, 60-cycle power except the wavelength sweep cir- 
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cuits which are powered by mercury batteries; simple 
electrical modifications permit operation on 230-volt, 
50-cycle power. 

P ciples of Operation 

Light from the xenon lamp (Figure 2) is dispersed 
by the activating monochromator into radiation shining 
on the sample. Fluorescent light from the sample is 
dispersed by a similar monochromator into monochrom- 
atic radiation shining on the photomultiplier. There the 
radiation is transformed to a weak electrical signal and 
fed to the photometer, where it is amplified. Photo- 
meter output is coupled to the vertical (Y) axis of the 
oscillograph or is indicated by the meter. 

The two gratings are oscillated by motor-driven cams 
to which are coupled graduated discs for visual observa- 
tion and adjustment of wavelength. Potentiometers, 
coupled to the gratings, supply wavelength information 
in the form of a d-c signal to the oscilloscope X-axis. 
When the oscillograph X-input is connected to the scan- 
ning fluorescent monochromator (solid circuit, Figure 
2) and the activating monochromator is set at a wave- 
length for maximum activation, a wavelength-vs.-in- 
tensity diagram is plotted (fluorescent spectrum). 
Similarly, when the oscillograph X-input is connected 
to the scanning activating monochromator (dashed cir- 
cuit, Figure 2) and the fluorescent monochromator is 
set at a wavelength for maximum fluorescence, an acti- 
vation spectrum is plotted. 

Spring-loaded arms follow the continuous cam rota- 
tion and oscillate the gratings. Maximum and minimum 
angular positions of the gratings correspond to high 
and low points on the cams and to the maximum and 
minimum wavelengths of the monochromators (800 
and 200 millimicrons respectively). During the return 
from maximum to minimum angular position, the os- 
cillograph X-input is shorted by a switch actuated by 
a cam on the wavelength disc. The scan time (time re- 
quired for the oscillograph trace to move from 200 to 
800 millimicrons) is variable from 10 to 40 seconds. 
Dead time (trace returning from 800 to 200 millimi- 
crons) varies with scan time and is approximately 2 to 
6 seconds. The coupling between drive 
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Figure 2. Schematic diagram showing operating 
details. 


ranges from 0-2 to 0-7.5 volts depending on sensitivity 
setting; output to recorder is 0-50 millivolts. 


Optical Unit 

The optical unit (left unit, Figure 1) includes an 
electrical panel, xenon lamp with blower, two mono- 
chromators, cell shutter, cell compartment, photomulti- 
plier shutter and photomultiplier tube housing. 

Monochromators are of the Ebert type*** incor- 
porating plane gratings having a ruled area of 50 x 50 
mm and 600 groves per mm. The gratings are identical 
except for blaze wavelength (300 millimicrons for acti- 
vating and 500 millimicrons for fluorescent). Light 
from the xenon arc is made parallel by the first mirror 
which directs it toward the grating (Figure 3). Dis- 





motor and wavelength disc is equipped 
with a ‘lutch permitting manual vari- 
ation of wavelength when the motor is 
stopped. The d-c output from mono- 








chromators to oscillograph X-axis varies 
from 1 to 3.4 volts as the monochroma- 
tor waveleng:h varies from 200 to 800 
millimicrons and is shorted (zero volts ) 
during the dead time. The photometer 
output signal to oscillograph Y-axis 


Figure 3. Schematic dia- 
gram of the optical unit. 
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-——— TABLE | — FUSED QUARTZ CELLS —— 





Inside Minimu:n 
Dimensions Height Total Volume Sample Volume 
(mm) (mm) (ml) Required (ml) 
4 dia. 40 0.5 0.2 
7 dia. 40 1.4 0.6 
10 dia. 100 8 08 
3 x 3 square 20 0.2 0.1 
10x 10square 50 5 ] 











persed light from the grating is directed to the second 
mirror which focuses a monochromatic image of the 
arc in the cell center. System magnification is unity, 
therefore the image in the cell (slits removed) is equal 
in size to the xenon arc (1.8 mm x 3.5 mm high), per- 
mitting use of sample volumes as small as 0.1 ml. 
Equivalent aperature is F/5. Various slits serve as 
baffles, and to define the light in the vicinity of the 
cell and photomultiplier tube. Fluorescent light from 
the sample is similarly dispersed, and focused on a slit 
in front of the photomultiplier tube. 


Photomultiplier Microphotometer 


The photomultiplier microphotometer (center unit, 
Figure 1) includes an electronic chassis, control panel 
and meter for indicating fluorescent intensity. Output 
terminals are provided for connecting to oscillographs 
and recorders. 


Amplified electron current from the photomultiplier 
tube is collected at its anode and passed through one 
of several precision resistors connected to a meter 
multiplier switch where it develops a voltage which is 
applied to the grid of an input-stage amplifier tube. 
This voltage is amplified by a two-stage resistance- 
coupled amplifier which drives a 0-1 milliammeter. A 
portion of the amplifier output voltage is applied to 
two pairs of output terminals for operating oscillographs 
or recorders. 


Sensitivity is controlled by a meter multiplier switch 
and sensitivity potentiometer. Gross sensitivity adjust- 
ments are made with the meter multiplier switch which 
reduces oscillograph and recorder output signals, to- 
gether with meter readings, in steps of 1, 1/3, 1/10, 
1/30, 1/100, 1/300, 1 1000. Fine-sensitivity adjust- 
ments are made with the sensitivity potentiometer 
which continuously adjusts recorder output signal and 
meter readings over a range of 3.5 to 1. A dark-current 
control cancels photomultiplier-tube dark current by 
application of an equal current of opposite polarity to 
the anode current. 


The amplifier section consists of two parallel bal- ° 


anced stages. The first stage functions as a high input- 
impedance voltage amplifier. It uses two GARS pen- 
todes in a differential-amplifier circuit which responds 
to unbalanced input with “push-pull” output. Low grid 
current is maintained in the input stage by operating 
the tubes at reduced electrode potentials and low heater 
currents, and by shield‘ng them from light to prevent 
photoemission at the grids. The second stage uses two 


———————OOore re rrr 


sections of a 12AT7 in a differential cathode-follower 
circuit. The plates of the first stage are coupled to the 
grids of the second stage by voltage dividers which pro- 
vide a ground-based output at the oscillograph output 
terminals for operation of oscillographs or other ground- 
ed equipment. The parallel balanced arrangement of 
both stages compensates for warm-up drift and line- 
voltage variations at the recorder terminals and in the 
meter circuit. No combination of control settings or 
switch positions will damage the photometer. The meter 
is protected from overloads of greater than 80% of full 
scale by the output circuit. 


Xenon Lamp, Ballast and Control 


The xenon lamp-ballast and control (see Figure 1) 
supply high voltage for starting (25 kilovolts) and 
low voltage for running (20 volts). Spectral output of 
the xenon arc extends from 200 millimicrons to above 
1.5 microns and is continuous except for a few lines 
between 0.8 and 1.0 microns. When started cold, the 
lamp produces an initial intensity of approximately 
60% of the final value, reaching full intensity in ap- 
proximately 15 seconds. It is convection controlled and 
may be restarted immediately after extinguishing. The 
starting circuit functions as a high-voltage RF oscillator 
(25 kv at 2 megacycles), ionizing the gas. When run- 
ning, a saturable-core reactor (ballast) is placed in 
series with the lamp to limit and stabilize the arc cur- 
rent. Running current and voltage is 9 amperes at 20 
volts and rated life is approximately 200 hours. 

The use of a mercury-xenon lamp instead of a xenon 
lamp permits higher sensitivity at activating wavelengths 
of the mercury line-spectra. 


Accessory Equipment 


X-Y recorders permit rapid display of excitation and 
fluorescent spectra on convenient size graph paper (814” 
x 11” or 11” x 16”). Most types can be adjusted so 
that one inch of pen travel represents either 50 or 100 
millimicrons, thus facillitating scale readings through- 
out the entire wavelength span of 200 to 800 millimi- 
crons. Strip-chart recorders can be used when a record 
of wavelength is not required, such as when recording 
change in fluorescent intensity with time. 

The oscillograph (right unit, Figure 1) is equipped 
with a long-persistent screen and a wavelength card 
graduated from 200 to 800 millimicrons (200 to 1000 
millimicrons when using infrared attachment). Oscillo- 
graphs having d-c input on both axes are suitable for 
display of spectra. The trace can be photographed for 
permanent records (Figure 4). 

Various types of fused-quartz cells (Table 1) permit 
use of sample volumes ranging from 0.1 to 1 ml. If 
required, larger cells can be accommodated by slight 
modification of the cell compartment. 

An infra-red detector attachment permits display of 
fluorescent spectra of porphyrins and similar compounds 
exhibiting fluorescent peaks above 600 millimicrons. 
It consists of a high-voltage power supply, phototube 
assembly and cooling chamber. The high-voltage power 
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supply furnishes stabilized d-c voltage for the dynode 
supply and incorporates a coarse control for subtraction 
of dark current. The housing can be attached to the 
fluorescent monochromator after removal of the 1P21 
and 1P28 housing. The multiplier phototube is an RCA 
Type 7102 having 10 stages with S1 response (maxi- 
mum at 800 millimicrons). The dynode resistor net- 
work is built into the mount for the duodecal (12 pin) 
tube base. The tube is shielded from external magnetic 
fields. Due to relatively high dark-current of the 7102 
compared with the 1P21 or 1P28, a dry-ice chamber is 
mounted around the tube housing to cool the tube to 
a temperature at which dark current can be completely 
subtracted. When using this attachment, the fluorescent 
monochromator is equipped with a grating blazed at 
1 micron and a wavelength disc graduated from 400 to 
1000 millimicrons. 

A polarizer attachment permits measurement of de- 
polarization of the fluorescence of solutions’. It con- 
sists of two polarizers, each containing a Glan-Thompson 
prism rotatable through 90°, mounted on the cell holder 
to permit horizontal or vertical polarization of the acti- 
vating and fluorescent light beams. 


Applications 


During the past two years, extensive studies have 
been made of the fluorescent properties of a variety of 
chemicals of interest in biology®: * pharmacology’, metal 
analysis*, and pest control *. Extraction procedures have 
been developed to detect small amounts in bile, plasma, 


tumors, lung, urine, liver, kidney, brain, cerebrospinal 
fluid, spleen, intestine, fat and bacteria’®*®. Many of 
the drugs and complex organic chemicals surveyed are 
important in the study of heart disease, cancer, arthritis, 
mental disorders, acrosclerosis, food poisoning and meta- 
bolism, brain function, and industrial pollution of air 
and water. 
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Figure 4. Fluorescent spectra of quinine sulphate 
in O.IN H.SO,, showing scatter (left peak) and 
fluorescence (right nome 
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Here was a tough instrumentation problem: to measure the impact pressures 


external to a re-entering missile nose cone from its interior, yet with no ports 


through its shell! This is a report of how Lockheed solved the problem. 


Measuring Impact Pressures 


of Re-entering Missile Nose Cones 


by Taft Wrathall 
Research Engineer 
Lockheed Aircraft Corporation 
Sunnyvale, California 


WHEN THE NOSE CONE of a research missile re- 
enters earth’s atmosphere, it is desirable to measure 
the impact pressure exerted. However, any pressure- 
sensing system used must not in any way disturb the 
airflow over the nose cone. We conducted an analytical 
study and some experiments to determine satisfactory 
methods for making such pressure measurements. 
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Figure |. Pressure diaphragm formed of the nose- 
cone plating. (2a — surface hole diam.; d = 
width unplated annular ring; h = plating thickness; 
Winax == plug deflection due to pressure q.) 


If it were permissible to use a pressure port in the 
cone surface, many commercial pressure transducers 
could be used. Here, pressure would be conducted 
through the surface orifice and connecting tubing to 
the transducer. Or, to avoid time lag due to the con- 
necting tubing, the transducer could be pressed or 
screwed in flush with the surface, conforming reason- 
ably well to a fairly-flat contour. Cracks or rings be- 
tween the transducer cell and nose surface generally 
are smoothed by cement filling. However, the diaphragm 
of such flush cells is very thin, necessitating extreme 
care to avoid accidental overpressure. 


On a Re-entry Test Vehicle (RVT), neither of 
these methods can be used because of the aerodynam- 
ically-smooth, mechanically-rigid surface required and 
because of the high input heat rates over the surface 
during re-entry. 


For electroplated nose-cones, use of the plating ma- 
terial itself -—such as nickel, chromium or copper— 
for a diaphragm seems reasonable. Because of the su- 
perior properties of nickel, it alone was considered in 
this study. If a surface hole is located at the point 
where the pressure is to be measured and if before 
plating, a tailored plug is inserted in the hole and 
plated simultaneously with the rest of the surface, ex- 
cept for a thin annular ring around the outside edge of 
the plug end, a rigid-center fixed-edge diaphragm is 
produced. (Figure 1). 


The plug must be in good thermal contact with the 
diaphragm; this is achieved by actually plating the 
diaphragm on the plug. Such a combination is me- 
chanically very stiff and rigid, a desirable feature from 
an aerodynamic standpoint because the surface deforma- 
tion is kept small. Any resulting deformation is dis- 
tributed over the total plug area, which is helpful in 
preventing flow separation. 
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Because of the resulting rigid mechanical diaphragm, 
tne measuring device itself must also be rigid, otherwise 
an abnormally large part of the energy from the ap- 
plied force will be used to strain the diaphragm in- 
stead of the force transducer. Plug deflection is given 
by the following equation: 


PA s)+2(3) 


All dimensions are in inches, and the pressure is in 
psi. (See Figures 2 and 3). 


If the transducer measuring this force is held in 
position by brackets (Figure 4), the outside force 
is transmitted through the rigid diaphragm by means 
of the drive rod to the transducer. An equivalent me- 
chanical system would consist of two parallel springs, 
one due to the diaphragm and having a constant Kp, 
the other due to the transducer with a spring constant 
Kr. (A counterbalance weight on the pressure plug 
would prevent inertial forces on the plug from stressing 
the transducer.) Any applied pressure force will de- 
flect the diaphragm and stress the measuring trans- 
ducer (Figure 4) in direct proportion to its respective 
spring constant. So, for a maximum transducer stress 
and minimum dependence on diaphragm elastic prop- 
erties, the ratio Ky/Kp should be large. From Figure 3, 
observe that Kp can be reduced either by decreasing 
the plug diameter or by increasing the annular-ring 
width. Even though the gap between the plug and the 
nickel plate over the annular ring is very small, the 
thermal conductivity is less at this point than through 
the plated areas. Therefore, at the high-input heat rates 
experienced with an RTV vehicle, this annular ring is 
a potential hot spot; the wider the ring, the higher 
the probable temperature. 


One test in our solar furnace indicated that a ring 
width of 0.005 in. and a plating thickness of 0.005 in. 
possibly will withstand the expected heat input rates. 
So, a 0.5 in. diameter plug having a 0.005 in. wide an- 
nular ring was chosen for further analysis. At a surface 
pressure of 200 psi, a 0.5 in. diameter plug will ex- 
perience a force of about 40 Ibs; from Figure 3, its 
spring constant is 10 x 10® Ib/in. 


Frequency Response 


Before choosing a transducer to operate with this 
diaphragm, we must know what its frequency response 
and damping should be. An impact-pressure time-history 
of a typical RTV during a re-entry produces a curve 
closely approximating an exponential from 0 to 5 sec, 
and having a maximum pressure Pmax. (Solid curve 
in Figure 5) If this curve is repeated over a complete 
cycle (dotted curve), it closely approaches a sine squared 
function; that is, P = Pmax sin*wt. The maximum pres- 
sure change dp/dt is obtained from: 
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Figure 2. Plug deflection plotted against diameter 
for several annular ring widths (d). 
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Figure 3. Equivalent spring constant for various 
combinations of ring width (d) and plug diam- 
eter (2a). 
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Figure 4. Bracket mounted transducer. 
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Figure 5. A — nose cone will produce this 


pressure-time history during re-entry into the at- 
mosphere. 

Pe .. | oo 

1a = 0 Or: (4) = 0.79 Pras 


which occurs at ¢ = p/4. 


As it is more convenient to think in terms of sine 
functions, an equivalent sine-wave frequency producing 
this same maximum rate of pressure change is: 


 p wees at = O79 Poeus 
dt 


or 
f = 0.126 cps 


Examination of universal damping curves shows that, 
if the resonant frequency of the pressure-measuring sys- 
tem is 20 times the frequency being measured, the re- 
sponse will be in error by less than 1 percent regardless 
of the system damping. Then system resonant frequency 
should not be less than 2.5 cps to be within this 1 per- 
cent error range. 


Pressure Transducers Considered 


Strain Gages. It would be convenient if one of the com- 
mon techniques employing resistive, and inductive or 
capacitive strain gages could be used for measuring the 
pressure-plug force. In using a wire strain-gage it is 
good engineering practice to maintain a full-scale strain 
of 1000 microinches per inch and a gage length of at 
least 0.5 in. A direct-tension unbonded gage is most 
sensitive. Such a gage will have an equivalent spring 
constant not over Ky = 0.25 x 10® Ib/in. An induc- 
tive-type strain gage will have essentially the same de- 
flection, thus the same spring constant. A parallel-plate 
capacitor having a spacing of 0.03 in., including a 0.015- 
in. thick piece of mica dielectric, and an area of 1 sq. 
in., will have a capacitance of 1.96uuf. If under a full 
load of 130 Ibs, the capacitance changes 5 percent (a 
reasonable change), the system spring constant will be 
Ky = 1.46 x 10° lb/in. However, these two values of 
Ky are intolerably low. In addition, the typical strain- 
measuring devices were unacceptable for measuring 
plug deflection, because of the large deflection re- 
quired. 
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Therefore we considered several other methods tor 
measuring the »ressure plug force. Four methods seemed 
promising enough for further investigation: (1) Mag- 
netostriction, (2) Servo Self-balance, (3) Piezo-electric, 
(4) Pressure-Control Crystal Oscillator. 


1. Magnetostriction System 


Magnetostriction is exhibited by the ferromagnetic 
metals—iron, nickel, and cobalt, including most of their 
alloys. In the operation being considered here, the mag- 
netostrictive material would make up the core of an 
inductance coil or transformer. The core stress then 
would be measured by the coil inductance or by the 
efficiency of flux linkage in the transformer. A suitable 
mechanical form for the nickel material in this appli- 
cation would be a thin-walled tube. Such a tube repre- 
sents a high degree of transverse rigidity in any direc- 
tion, it is commercially available in this form, and it 
has a convenient shape upon which to mount a coil of 
wire. 

Tests were made on two slotted tubes of nickel fab- 
ricated to have an OD = 0.176 in., a wall thickness 
of 0.010 in. and an effective length of 0.3 in. They had 
a calculated spring constant Ky = 0.8 x 10® Ib/in. 
While a larger Ky is highly desirable for use with the 
diaphragm spring constant (Kp = 10 x 10°), under 
certain circumstances Kp might be made somewhat 
smaller and Ky made somewhat larger, thereby becom- 
ing compatible. 

Figure 6 is a sectional view of a typical tube combi- 
nation with a mounted coil. Satisfactory operation can 
be expected to about 20,000 cps. In testing it was found 
the relationship between tube inductance and stress was 
subject to considerable hysteresis unless moderate vi- 
bration was present. Most of this hysteresis disappeared 
after stress relieving in excess of 1400°F. 

All ferromagnetic materials have a temperature above 
which their magnetic properties disappear (Curie 
Point). For nickel this is 668°F which limits the prob- 
able maximum usable temperature at approximately 
500°F. 

There are various ways in which this nickel core coil 
could be incorporated into a measuring circuit; its di- 
rect use in a telemetering subcarrier oscillator first sug- 
gests itself. However, this was considered impractical 


because of the magnetostrictive temperature effect in 


the nickel and the difficulty in using resistive elements 
for frequency compensation. 

Conclusion. Magnetostrictive devices, because of their 
large deflection, cannot be justified for this application. 
However, these devices under certain conditions are 
rigid enough, and can be produced mechanically rugged 
with desirable electrical characteristics. Due to the tem- 
perature dependence of magnetostrictive material prop- 
erties, temperature compensation is imperative. To ac- 
complish this the magnetostrictive units should be used 
in pairs such as in a bridge circuit or as a differential 
transformer. 


2. Servo Self-Balance System 


With the many small, high-performance instrument- 
type 2-phase servomotors now available, use of a posi- 
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Figure 6. A magnetostrictive pressure transducer 
developed during this study. 


tion servo suggests itself as a means for achieving a 
low-deflection force-measuring system (Figure 7). Ap- 
plication of external force displaces the spring and 
pickoff slug, which unbalances the pickoff transformer 
driving the 2-phase motor. This repositions the slug by 
means of the threaded-shaft displacement. Deflection of 
the screwdrive end of the spring is therefore a measure 
of the force. The slug will be maintained essentially at 
its initial position, thus producing a low-deflection force- 
measuring system. A reversible system in which the 
threaded block was replaced by a mechanical drive such 
as a rack and pinion was first analyzed. A root-locus 
plot of this system indicated a neutrally-stable condition 
which might become unstable if any of the initial as- 
sumptions were in error. Viscous damping around the 
spring should improve this situation, but the introduc- 
tion of a damping term in the servo loop produces 
transfer functions wherein root locus plots cannot be 
drawn as a function of the loop gain. Secondly, an ir- 
reversible gear train, such as a worm gear, was analyzed. 

Even though these servo systems offer many attrac- 
tive features such as flexibility, whereby pe.formance 
can be controlled by means of feedback networks and 
amplifier gain, there still are three possible difficulties. 
1. A viscous damper positioned around the spring and 
capable of producing a damping factor of 0.5 is extreme- 
ly doubltful of practical attainment; 2. The spring mo- 
tion and velocity being fairly small is the antithesis of 
what is needed for viscous damping; 3. An amplifier 
gain of 5 x 10° is also unreasonably high for a small 
airborne package. Should the above difficulties be over- 
come, there remains a problem of the required mechani- 
cal rigidity. The minimum plug deflection expected 
using any of the methods described is so small that 
extremely careful mechanical design would be required. 
Therefore, the same care would be necessary with the 
servo system with the added difficulty of achieving this 
high mechanical rigidity while cantilevering much larger 
inertial loads. 

Conclusion. Of the four systems considered, the posi- 


tion servo was found least promising. Structural rigidity, 
while very important in any method for measuring small 
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Figure 7. A suggested servo system for pressure 
measurement. (Not intended as an actual design). 


deflections, would be more difficult to achieve with a 
servo because of the size and weight of the physical com- 
ponents which must be cantilevered. The need for un- 
reasonably high-gain amplifiers and difficulty of intro- 
ducing proper damping for stabilized operation in this 
application also detract from its utility. 


3. Piezo-Electric System 

Because of their rigidity, the piezoelectric crystal and 
the so-called “rubber” crystal are attractive for this ap- 
plication. However, due to its very-high shunt-resis- 
tance requirements, the piezoelectric pickup necessitates 
use of an electrometer tube, and the most serious op- 
erational problem would be the effect of vibration and 
shock on this tube. Using the unit as a “rubber” crystal 
would eliminate this problem because more rugged elec- 
tronic tubes or transistors would be available. 

Conclusion. A sufficiently-high time constant for 
measuring pressure frequencies down to 0.1 cps is pos- 
sible using a small quartz cube and a commercial elec- 
trometer tube. 


4. Pressure-Controlled Crystal Oscillator 

While we could find no literature describing this 
effect, it is a matter of experimental fact that pressure 
on the clamping blocks of an oscillating crystal will 
change its oscillating frequency. So called “rubber” crys- 
tals were produced years ago for radio amateurs, and 
these crystals were characterized by a variation of about 
6 kc in a 4-mc crystal due to a change in clamping 
pressure. Sample tests by the author, for indication only, 
resulted in a change of between 700 and 1000 cps in 
a 3-mc, 1/2 in. diame-:er crystal when the clamping-ring 
load was changed by about 7 lbs. 

Conclusion. Two crystals cut for identical tempera- 
ture characteristics could be used in a beat-frequency 
circuit. The mixer output then would feed into a stand- 
ard telemetering channel whose variation would be that 
of fo, the change in the “rubber” crystal due to pressure. 
Because of the smaller clamping area, the equivalent 
spring constant for such a system would probably be 
somewhat less than for the regular piezoelectric appli- 
cation. 











Figure |. This NBS solar furnace, made 
from a surplus Army searchlight, reaches 
3500°C. Sunlight is reflected from the 
8-foot square heliostat (left) into the 
5-foot diameter parabolic mirror (right) 
where it is focused onto a | /4” spot. 
Heliostat follows suns motion by photo- 
cell and eiectronic servodrive. 


A Challenge 





of Space Age Temperatures 


AS MAN REACHES HIGHER and higher into 
space, the temperatures he must measure also seem to 
soar higher and higher. Supersonic planes, missiles, satel- 
lites and now space capsules, all demand of the instru- 
ment engineer greater accuracies at higher temperatures 
under fearful environments of shock and vibration. 


Progress in these space technologies depends largely 
on the development of suitable high-temperature instru- 
mentation. So, our National Bureau of Standards is in- 
vestigating many methods for both generating extremely- 
high temperatures and for measuring them. This story 
briefs some of the techniques being studied by NBS. 


Photoelectric Pyrometers 


NBS has constructed a new photoelectric pyrometer 
expected to replace present disappearing-filament types 
for temperatures above 1000°C. While the basic disap- 
pearing-filament is retained, test-body brightness is com- 
pared with the lamp photoelectrically rather than visu- 
ally. The image of the test object is focused by a 2.5-inch 
objective lens into the plane of the lamp filament. The 
eyepiece image on the test-object image. To the eye, 
the filament can be made to disappear against the test- 
object background by adjusting the filament current. 


To replace human visual judgment of brightness 
equality, a diaphragm with a horizontal slit is set in the 


image plane of the eyepiece lens. A photomultiplier tube 
behind the slit measures the intensity of the light passing 
through. A rectangular block of glass, about 1 inch thick 
and with optically-flat faces, is revolved slowly in front 
of the slit. This causes the image (filament against test 
object) to move past the slit. Thus, successive parts of 
the image are scanned by the photomultiplier cube. If 
there is no change in brightness as the image is scanned 
(i.e., as between filament and test object) no change in 
photomultiplier current is observed. In this way, pre- 
cision of 0.1°C is achieved when viewing a black body 
at 1100°C! 


Relation between current, brightness and filament 
temperature is found from observations on a black body 
at the “gold-point,” and calculations from fundamental 
radiation laws. The “gold point” is 1063°C—the freez- 
ing point of gold—one of the primary fixed points on 
the International Temperature Scale. 


High Temperature Sources 


While many space-age processes often must be studied 
under actual operating conditions—internal combustion 
of a rocket engine for example—such heat sources are 
awkward and difficult to use in laboratory work. So 
NBS is working with heat sources that can produce 
extreme high temperatures to order—conveniently, de- 
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pendably and inexpensively. They have made design or 
method improvements in electric arcs, solar furnaces 
and resistance and induction electric furnaces—each 
with its particular advantages for special research. 


Electric Furnaces. While other high-temperature fur- 
naces have been much improved, the resistance or induc- 
tance electric furnace continues as the major tool for 
research up to 3000°K. The Bureau has adapted many 
electric furnaces to new experimental techniques, ex- 
tending upper temperatvr« ‘imits and improving tem- 
perature uniformity and «curacy. A new thorium oxide 
element resistance furnace designed by NBS reaches 
2300°K. Even with cerium oxide added to increase 
conductance, the thoria element's resistance is so high 
at moderate temperatures that they must be preheated, 
on startup to 1200°K before they can carry sufficient 
current to be self-heating. Thoria furnaces are particu- 
larly useful for determination of melting points, coeffi- 
cients of thermal expansion, and refractory material 
phase equilibrium. 


The Bureau has developed electric furnaces for many 
special research projects: one, incorporating a hydraulic 
press, reaches 3300°K and several thousand psi with 
small samples; another uses a hot-wire furnace com- 
bined with a 17,000 rpm centrifuge for the study of 
refractories. 


Solar Furnace. For studying the vaporizing point of 
refractories, tungsten arc, carbon resistor and electric 
induction furnaces have drawbacks: their elements con- 
taminate the reaction. But what could be purer than 


sunlight? So, the Bureau developed a solar furnace that 
reaches 3500°C. Sun rays are focused through the cool 
surface of a glass bulb containing the sample onto a 
1/4” spot (Figure 1). However, it's difficult to meas- 
ure temperature under these conditions. 


Electric Arcs. Highest temperatures attainable in the 
laboratory are achieved by electric arcs—up to 50,000°K! 
The Bureau is studying chemical equilibria and ther- 
modynamic properties of gases withir. arcs of 40 to 200 
amperes (10,000 to 20,000°K) which can be operated 
steadily for 10 minutes or more. 


So far, work has been mainly in temperature profiles 
of arcs in pure gases. Later, solids and liquids will be 
introduced to determine chemical equilibria, diffusion 
coefficients, and thermal and electrical conductivity by 
composition and temperature measurement, current and 
voltage. 


Thermogravimetric Analysis 


Some high temperature reactions of solids can be 
studied by rapid quenching to room temperature. But, 
for materials that disintegrate, quenching cannot be 
used. Here NBS uses “differential thermal analysis”— 
heating the sample at carefully-controlled rates while 
observing the slight deviations due to reactions that 
absorb or evolve heat. This method has been applied to 
reversible transitions in solid solutions of divalent car- 
bonates, oxide systems, and mineral polymorphisms. 
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Figure 2. Processes in gases at up to 10,000°C can 
be studied in this electric arc. NBS scientist is low- 
ering upper electrode to start arc. Arc light 
emerging between two circular plates is analyzed 
by spectrograph. Carbon arc behind his hand is 


used as a brightness reference. 


NBS has combined the special advantages of thermo- 
gravimetric analysis with those of differential thermal 
analysis into an apparatus which produces a single re- 
cording of three quantities simultaneously plotted against 
time—temperature, change in weight and differential 
temperature ( Figure 3). 












































Figure 3. This NBS high-temperature apparatus 
produces both thermogravimetric and differential 
thermal analyses simultaneously. It is essentially a 
conventional laboratory balance modified to coun- 
terbalance changes in weight by adjustment of a 
magnetizing current. 














A report of Foundation for in- 
strumentation Education and 









Research activities by its Ex- ¢ 
ecutive Director, Lioyd Slater. 


Summer Course “‘Retreads’”’ 


Instrumentation Teachers 





(See opposite page for Rosters of both photos) 





FIER's teacher-education program was developed on 
the theory that the very first thing to be done to ex- 
pand instrumentation education is to educate the educa- 
tors. In "58, this theory was successfully tested at Case 
Institute (p. 52, ISAJ 10/58) in a summer course which 
indoctrinated 22 technical institute teachers in advanced 
control technology. This summer, two more teacher- 
retreading courses once again validated the theory. 


Leading-In the Technician Educators 


Penn State's conference was not a repeat of the ‘58 
course at Case. The only bit of negative feedback on the 
Case program had been: “too high and often too diffi- 
cult for many teachers to master in three weeks.” Hence 
the ‘59 program for technical institute teachers was 
pitched at a broader introductory level. True, the teach- 
ers this year were stimulated by the powerful mathe- 
matical and analytical tools available through control 
engineering. But the accent was on equipment, applica- 
tion technique and control modes—all subjects providing 
a hard core for curriculum development in today’s tech- 
nical institute programs. 

In round-table sessions at Penn State, the teacher- 
attendees agreed on one thing: today’s instrumentation 
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At Case Institute July 6-24, 1959 


.. . 30 college teachers of chemical engineer- 
ing were exposed to an intensive three-week 
course in the theory and techniques of dy- 
namic analysis and process control. Spon- 
sored by FIER and AIChE, and supported 
with National Science Foundation funds, 
the Case program demonstrated the funda- 
mental contribution that control theory can 
make in the education of today’s chemical 
engineer. 


At Penn State July 6-24, 1959 

. . 26 teachers of engineering at the tech- 
nical institute level were introduced to the 
basic theory and hardware of instrumenta- 
tion and automatic control in a three-week 
conference sponsored by FIER and support- 
ed by National Science Foundation. Covering 
as wide an approach to the field as possible, 
the Penn State program provided back- 
ground for a more advanced course the same 
teachers may take in 1960. 


technician may have to be trained at two levels. First, 
a more descriptive and applied exposure to the tech- 
nology—educating people to trouble-shoot, operate and 
service the instrumentation systems of defense and in- 
dustry; the second level would be more rigorous— 
equipping technicians with enough mathematics and 
analytical techniques to make them valuable assistants 
to the creative instrumentation engineer. 


Enriching Chemical Engineering Education 


The Case program went far beyond the immediate 
objective of applying better instrumentation in the 
process plant. The professors were there because they 
understood that recent advances in control technology 
also opened up a whole new way of life for the chemi- 
cal engineer: the opportunity to view chemical proc- 
esses and reactions from the standpoint of dynamic 
rather than steady-state behavior. Armed with this ap- 
proach, today’s chemical engineer, working with the 
instrument and controls specialist, is equipped to re- 
search existing processes and, from the basic data de- 
rived on transient behavior, synthesize approaches which 
bring unsuspected new rewards in yield and efficiency. 
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controlled processes and perhaps computer-control. 


Case's three-week exposé proved a superb indoctri- 
nation for an alert and gifted group of teachers. Mathe- 
matical technique took on new meaning as the ability 
to write differential equations describing equipment and 
processes was developed. All had the opportunity to 
master the powerful contribution that the analog com- 


puter can make in this work. 


In a post-mortem round-table discussion on the course 
objectives, the teachers were unanimous in their desire 
to carry its principles into their own programs when 
they returned to their schools. Major obstacle: how to 
set up the proper dynamic analysis and instrumentation 
laboratories to support this curriculum development—a 
problem which soon will be studied by FIER and its 
collaborator in this field, the Process Control Subcom- 


mittee of AIChE. 


Case Institute Roster: 


igan College of Mining & Technology; N. Gilbert, U. 


Cincinnati; J. W. Prados, U. of Tennessee; R. C. Hall, Kan- 
sas State Univ.; J. P. Hsu, U. of Dayton; 3rd Row: L. Good- 
man, (affiliation unknown); R. E. Gilbert, U. of Nebraska; 
T. S. Yu, U. of Detroit; R. N. Pease, Wayne State Univ.; 
R. H. Cherry, Ohio State Univ.; C. Y. Wen, West Virginia 
Univ.; R. L. Johnson, Dow Corning Corp.; 4th Row: M. 
of Florida; M. F. Findley, Alabama Polytech- 


Tyner, Jr.. U. 


Jones & Laughlin Steel Company’s Vesia-Shan- 
nopin mines solved the critical problem of safety 
for their electric power and ventilation with a con- 
tinuous circuit scanning and alarm system by 
Femco, Inc., of Irwin, Pa. Primary function of the 
system is to quickly, automatically shut off all 
electric power going into a mine, following any 
failure in its vertilating system. This avoids possi- 
bility of electrically-ignited explosions of gases ac- 
cumulated during ventilator inoperation. 

Substations, located as much as two miles un- 
derground from the mine portal, scan fans, pumps 
and power circuit-breakers, and automatically shut 
down power when either fans or breakers become 
inoperative. All substations, fans and breakers are 
linked to the central station (Figure 2) by a single 
2-wire circuit. This circuit transmits both fan 
speed and fan pressure data. Low pressure sounds 
an alarm at central and opens, after a preset time, 
all breakers. Fan speed controls a blinking light 
at central, synchronized with fan-shaft rotation. 
The failing fan is instantly identified. All breakers 
can be selectively operated from central. 

The Femco scanner is an ingenious rotary switch 
with enclosed, sparkproof contacts. A synchronous 
motor rotates a permanent magnet past magnetic, 
sealed, reed switches, closing each in turn. Both 
substation and central scanners are synchronized. 
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An important byproduct: more stable, automatically- 


(left to right) Ist Row: I. Lefko- 
witz, E. Fadden and D. P. Eckman, instructors; G. D. Shill- 
ing, U. of Rhode Island; G. C. Williams, U. of Louisville; 
J. M. Petrie, Worcester Polytechnic Inst.; K. B. Schnelle, Jr., 
Vanderbilt Univ.; J. Sandelien, (affiliation unknown); 2nd 
Row: N. Ozdas, (affiliation unknown); R. J. Altpeter, U. of 
Wisconsin; G. M. Richter, Calif. Inst. of Technology; R. L. 
Nickelson, Montana State College; M. W. Bredekamp, Mich- 


Synchronized Scanners Promote Mine Safety 


nic Inst.; N. Acker, (affiliation unknown); R. M. Hubbard, 
U. of Virginia; K. W. Coons, U. of Alabama; D. R. Cough- 
anowr, Purdue Univ.; G. M. Hoerner, Lafayette College: 
T. E. Stice, Illinois Inst. of Technology; M. W. Larson, Iowa 
State College; A. G. Bock, Manhatten College; J. S. Frait, 
(affiliation unknown). 


Penn State Roster. G. C. Armstrong, South Plains College, 
Levelland, Texas; H. E. Dyche, Pa. State Univ., McKeesport 
Campus; J. C. Flanagan, Del Mar Technical Inst., Corpus 
Christi, Texas; D. J. Green, Joliet Township Jr. College, 
Joliet, Ill; T. C. Gross, Connecticut State Technical Inst., 
New Britain, Conn.; J. W. Houge, Williamsport Technical 
Inst., Williamsport, Pa., J. M. Jenkins, Gaston Technical 
Inst., Gastonia, North Carolina; H. F. Jenssen, N. Y. City 
Community College, Brooklyn, N. Y.; R. M. Jewell, Capitol 
Radio Engineering Inst., Washington, D. C.; R. S. Kimball, 
Hudson Valley Technical Inst., Troy, N. Y.; R. T. Lincoln, 
State Univ., Farmingdale, N. Y.; W. E. Long, Coalinga Jr. 
College, Coalinga, Calif.; L. W. Maas, Henry Ford Com- 
munity College, Dearborn, Mich.; R. W. Miller and P. 
Nevaldine, State Univ. of N. Y., Canton, N. Y.; D. B. Orrell, 
Oregon Technical Inst., Klamath Falls, Oregon; R. E. Sentz, 
Pa. State Univ., Allentown Campus; F, C. Tyson, Jr., Ward 
School of Electronics, Hartford, Conn.; L. S$. Ugoletti, Penn 
Technical Inst., Pittsburgh, Pa.; T. A. Verracchia, Roger 
Williams Jr. College, Providence, R. L.; J. N. Waldron, State 
University, Farmingdale, N. Y.; W. H. Willson, U. of Hous- 
ton, Houston, Texas; H. J. Wyman, Franklin Technical 
Inst., Boston, Mass.; S. Zimmerman, Staten Island Commun 
ity College, Staten Island, N. Y.; F. J. Ziol, Pasadena City 
College, Pasadena, Calif.; P. R. Asuncion, Philippine School 
of Arts and Trades, Philippines. Rear Row, 2nd from left, 
K. L. Holderman, Coordinator of Commonwealth Campuses; 
5rd from left, M. A. Williamson, Dean of Engineering; 2nd 
from right, Lloyd Slater, Director FIER. Staff: B. W. Niebel, 
Head, Dept. Industrial Eng.; S. Shulits, Prof. Civil Engi- 
neering, A. D. Brickman, Assoc. Prof. Mechanical Eng.; 
J. D. Bowman, Acting Head, Automation Dev.; R. L. Reich, 
Inst., Industrial Eng.; and W. A. Dunn, Asst. Prof., En- 
gineering Ext. 











Figure 1. 

These giant 
venturis measure 
ventilating air 
exhausted from 
the Donohoo Shaft, 
Vesta-Shannopin 
Coal Mines. 













Figure 2. 

Central control 
panel located in 
Lamp House of 
Donahoo shaft. 

Up to 32 functions 
can be monitored 
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ISA Task Force Uses Computer 


Monsanto Chemical Company will 
make IBM computers available for 
the job of tabulating a survey being 
conducted by an ISA Task Force. 
The survey is an evaluation of the 
functions of, and potential for, in- 
strumentation technicians. 

Card-punching computer time do- 
nated by Monsanto will solve a wor- 
risome problem confronting chair- 
man A. G. Hathaway, who heads 
the ISA Task Force on Instrumenta- 
tion Technicians. “If we tried to 
tabulate these data obtained from 
our questionnaires manually with 
the clerical help available,” says 
Hathaway, “the results would be 
ancient history before we’d have 
them.” 


Why a Survey? 


A prime objective of this survey 
is to develop standard definitions 
for various types of instrumentation 
technicians (and mechanics) which 
will be based upon factual data. 
The survey is an essential step to- 
ward the ultimate goal of provid- 
ing educators with statistical infor- 
mation on the job functions of tech- 
nical personnel which will facilitate 
the setting up of realistic instru- 
mentation training curricula. 

The questionnaire now being sent 
out concerns what are termed sub- 
ject-group personnel, defined as 
those who require training in in- 
strumentation beyond high school, 
but not an engineering degree, and 
who are involved in the plant’s in- 
strumentation. The questionnaire 
asks for information concerning the 
product, or type of plant, the num- 
ber in each of various categories of 
personnel, and information as to 
the handling of instrument mainte- 
nance. In addition, there is a check- 
list of 26 suggested job functions, 
by which to indicate the proper 
combination that applies to each of 


15 categories of work performed. 
This is cross-referenced with data 
as to the frequency of performance. 


Where Did It Start? 


The Task Force on Instrumenta- 
tion Technicians originally was or- 
ganized at the 1958 Educator’s Work- 
shop at the ISA Philadelphia con- 
ference. The workshop was moder- 
ated by Lloyd E. Slater, Executive 
Director, FIER—the Foundation 
for Instrument Education and Re- 
search. Following a stimulating se- 
ries of formal talks, Slater threw 
the workshop open to informal dis- 
cussion. The audience responded 
with such vigor that Slater was 
hard pressed to recognize everyone 
desiring to speak. It was during this 
verbal give-and-take that these two 
facts became evident: (1) Educa- 
tors recognize the need for tre- 
mendous expansion of the country’s 
facilities to train instrumentation 
technicians; and (2) The definition 
of what an instrumentation tech- 
nician is, and what he does, is so 
hazy that educators are at a loss 
in setting up adequate training pro- 
grams. 

It was during this session that 
Stanley C. Marshall, representing 
Penn Technical Institute and Lando 
Advertising Agency, both of Pitts- 
burgh, climaxed the deliberations 
by an appeal for positive action by 
the body. Marshall proposed that 
a committee be formed to study in- 
strumentation technicians’ job func- 
tions and derive meaningful defi- 
nitions by which to identify these 
technicians. Marshall also proposed 
that this committee, or a successor 
to it, assume the job of establishing 
these definitions in industry and 
elsewhere in society. 

Marshall’s motion was quickly 
adopted and the Task Force was or- 
ganized. (See page 55, ISAJ 12/58). 





ISA’s fast-growing West Coast 
memberships have brought about 
the formation of a new district— 
District XI. A new District Vice- 
President was elected by the 
Council of National Delegates in 
Chicago last month. 

The new V-P is John J. Mc- 
Donald (photo, page 64), director 
of engineering for Consolidated 
Systems Corp., a subsidiary of 
Consolidated Electrodynamics. Mr. 
McDonald was a national director 
of the Society in 1944 and again 





New District-New V-P | 


in 1956-58; a Chicago Section na- 
tional delegate in 1950; ISA’s rep- 
resentative to ASA from 1952 to 
1954 and chairman of the Instru- 
ments for Transportation Com- 
mittee from 1952 to 1956. 

A graduate of the University of 
Chicago and Armour Institute, 
Mr. McDonald began his career 
in instrumentation in 1941. He 
joined CEC in 1951 and in March 
of this year assumed his present 
position with Consolidated Sys- 
tems. 
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The Task Force’s survey repre- 
sents a major contribution of the 
National Education Committee, 
headed by E. C. Wanner of General 
Electric Company. A preliminary re- 
port of the findings of the Task 
Force is to be presented to the Ed- 
ucator’s Workshop which will be 
held on Thursday, September 24, 
1959, during the Fourteenth Annual 
ISA Instrument - Automation Con- 
ference and Exhibit, in Chicago. 
Originally the survey was to have 
been completed by that date, but 
the Task Force faces something of 
a crisis which threatens to delay it. 

The problem stems from the fact 
that the success of the survey is 
predicated, largely, upon its being 
carried out by the local sections. 
At a meeting of the Task Force in 
Louisville on January 21, 1959, also 
attended by ISA President - elect 
Secretary John Johnston, Jr. and 
Lloyd E. Slater, it was determined 
that the securing of data is right- 
fully a project for ISA Section ac- 
tivity, and one which will benefit 
them, locally, to perform. The ques- 
tionnaires are to be taken to plants 
in the area by ISA members, and 
completed with the advice of both 
the man in charge of personnel and 
the man who is responsible for 
plant instrumentation. 

An early count, however, showed 
that, of 67 questionnaires received 
in early July, only three seemed to 
come from local section effort. The 
others were obtained via correspond- 
ence among Task Force members 
and their acquaintances throughout 
industry, in a “pilot run”, to evalu- 
ate the questionnaire. 

Thousands of dollars had to be 
expended, in time, travel expense, 
stationery, printing costs and post- 
age, in order to whip this program 
into shape. All that is needed, now, 
is to secure a sufficient number of 
filled-out questionnaires. This must 
be done immediately, or the entire 
effort may lose its effectiveness! 


Where Can You Help? 


Each ISA section is expected to 
canvass its area, getting the ques- 
tionnaires completed and mailing 
them to the chairman of the Task 
Force. (Write A. G. Hathaway, c/o 
United Electronics Laboratories, 
3947 Park Drive, Louisville 16, Ken- 
tucky.) 

Supplies of blank survey forms 
have been sent to local sections 
through District Vice - Presidents. 
All ISA members should contact the 
officers of their sections and offer 
to help with this project. 
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First Prize — William B. Field 
Union Carbide Olefins Co. 


Second Prize — Dr. Otto J. M. Smith 


University of California 


Third Prize —/. Warshawsky 
NASA Lewis Research Center 


Recorder-Controller SAMA Awards 
Go to Field, Smith and Warshawsky 


After much thought and delibera- 
tion a three-man committee of 
judges came out of their huddle and 
named the three recipients of the 
second annual ISA Journal Editorial 
Awards sponsored by the Recorder- 
Controller Section of Scientific Ap- 
paratus Makers Association. 


The Winners 

The first prize ($300) went to Wil- 
liam B. Field, Systems Engineer 
with Union Carbide Olefins Co., 
South Charleston, W. Va., for his 
paper “Design of a pH Control Sys- 
tem by Analog Simulation” which 
appeared in the January 1959 ISA 
Journal. 

Second prize ($200) was made to 
Dr. Otto J. M. Smith, Professor of 
Electrical Engineering, University 
of California at Berkeley for his 
paper “A Controller to Overcome 
Dead Time” which appeared in the 
February 1959 ISA Journal. 

Third prize ($100) went to I. War- 
shawsky, Chief, Instrument Research 
Branch of NASA Lewis Research 
Center in Cleveland for his paper 
“Measurements of Rocket-Exhaust 
Temperatures” which appeared in 
the November 1958 ISA Journal. 


Presentation at Annual ISA Banquet 
Certificates and cash awards were 
presented at the ISA Annual Ban- 
quet in Chicago on the evening of 
September 23 by Paul S. Dickey 
Chairman of the Recorder-Controll- 
er Section of SAMA and President 
of Bailey Meter Co. These three an- 
nual awards were established in 1958 
by the Recorder-Controller Section 
in recognition of authors of the three 
most outstanding papers appearing 
in issues of the ISA Journal during 
the 12-month period ending in May 
of each year. The objectives of the 
awards are: (1) to encourage tal- 
ented individuals from user organi- 
zations to write more outstanding 
papers about the application and use 


October 1959, Vol. 6, No. 10 


of industrial and scientific instru- 
ments, (2) to recognize the ISA Jour- 
nal as a leading spokesman in the 
field of instrumentation, and (3) to 
reward and recognize individuals 
for their efforts to prepare and write 
top flight technical papers. 

Twenty-seven papers were eligible 
for the 1959 awards. To be eligible, 
authors must be members of the 
ISA and must not be connected with 
any organization engaged in the 
manufacturing, sales or service of 
instruments. 

Appointed by the ISA Publica- 
tions Committe, the panel of judges 
for the 1959 awards are: Dr. Law- 
rence L. Rauch, Instrumentation En- 
gineering, University of Michigan 
(Chairman); Lloyd E. Slater, Execu- 
tive Director, Foundation for Instru- 
mentation Education and Research, 
and Charles W. Covey, Editor, ISA 
Journal. 


Men Behind the Papers 

Bill Field’s winning article was 
specially prepared for the ISA Jour- 
nal based on two papers which he 
presented at the Annual ISA Con- 
ference in Philadelphia in Septem- 
ber, 1958. It is a comprehensive treat- 
ment of a complete process control 
design job using an Electronic As- 
sociates analog computer for simu- 
lation of all aspects of the pH system. 

When asked to comment on his 
winning paper, Bill Field said, “One 
of the most fruitful avenues for ad- 
vancing modern instrument technol- 
ogy is through electronic simulation. 
The analog computer has become a 
dynamic slide-rule which no systems 
engineer can afford to ignore. It was 
my intention to present, in this arti- 
cle, just how it was possible to re- 
solve a particular complex design 
problem through experimental elec- 
tronic models.” Field was graduated 
cum laude in 1948 from Kenyon 
College in engineering science. After 
working for several years at Battelle 


Memorial Institute, he became asso- 
ciated with the National Bureau of 
Standards, working in the field of 
acoustics research. He joined Union 
Carbide in 1954. Mr. Field is a mem- 
ber of the Charleston Section of ISA 
and was advanced to Senior Member 
this year. 

Dr. Otto J. M. Smith’s award win- 
ning article is based on considerable 
work he has done in the field of ser- 
vomechanisms and automatic con- 
trol. The article describes a new type 
control which produces a high gain 
with precise regulation of loops con- 
taining long dead times, yet without 
sacrificing stability. It uses a minor 
feed back loop around the controller. 
The paper was originally presented 
before a special meeting of the 
Northern California Section of ISA 
of which he is a member. Dr. Smith 
holds a B. S. in chemistry from Okla- 
homa A & M, a B. S. in electrical 
engineering from the University of 
Oklahoma, and a Ph. D. degree in 
electrical engineering from Stanford 
University. He has published more 
than 40 technical papers, a text book 
“Feedback Control Systems,” and 
holds several patents. Dr. Smith has 
been at the University of California 
since 1947. 

Mr. Warshawsky’s article appeared 
in the special November 1958 issue 
of the ISA Journal devoted to mis- 
sile/space instrumentation. The ar- 
ticle describes applicable measuring 
techniques with emphasis on sources 
of measurement error. Mr. Warshaw- 
sky was graduated from the City 
College of New York in 1930, and 
joined Langley Field Laboratory af- 
ter graduation. He came to NACA 
Cleveland Laboratory in 1942. Since 
1949 he has headed the instrument 
research activities of the laboratory 
with special emphasis of pressure, 
flow, and temperature measure- 
ments. He is a member of the Cleve- 
land Section of ISA, and was ad- 
vanced to Senior Member this year. 
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Dr. Ralph H. Tripp John C. Koch 
President -elect-Secretary Treasurer 
(Grumman Aircraft) (Conoflow Corporation) 


John Johnston, Jr. 
President 
(E. 1. duPont deNemours) 


New Officers - 1959-60 


New ISA National officers were elected 
by the Council of National Delegates at a meeting 
on Tuesday, September 22, in Chicago, Illinois. 


Mr. Johnston was elected President-elect-Secretary in 1958 hitch Conientan 
and succeeds to the presidency on November 1, 1959. a ee 





Nathan Cohn Nelson Gildersleeve John R. Mahoney 
V ice-President—Industries Dept. Vice-President—District I Vice-President—District III 
(Leeds & Northrup) (Royal McBee) (Union Carbide Nuclear) 
Milton M. MeMillen Thomas H. Pierson Robert C. Mann John J. McDonald 
Vice-President—District VI Vice-President—District VII Vice-President—District IX Vice-President—District XI 
(Thompson -Ramo-W ooldridge) (Eggelhof Engineers) (General Electric) (Consolidated Systems) 
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> MEETING PREVIEWS 





Solid State Techniques in Modern Instrumentation 


... from the viewpoint of the instrument engineer 


Solid facts about solid state are 
on the agenda of a two-day sympo- 
sium to be sponsored by the Phila- 
delphia Section, November 23 and 
24, at the Benjamin Franklin Hotel, 
Philadelphia. 

A series of 16 papers evaluating 
solid state techniques in modern in- 
strumentation will be presented at 
the symposium, with AIEE and IRE 
joining in as cooperating societies. 

The aim of the meeting is to draw 
a broad, well-rounded picture of this 
latest trend in instrumentation, and 
subjects and speakers have been se- 
lected with this in mind. To round 
out the picture, there will be an 
equipment display of the devices dis- 
cussed. 


Dr. Charles DeCarlo, assistant gen- 
eral manager of IBM’s Data Systems 
Division, will be the banquet speak- 
er. A Naval engineering officer dur- 
ing World War II, Dr. DeCarlo 
joined IBM in 1951. In 1954 he be- 
came assistant director of applied 
science, and director in 1955. In 1957 
he assumed the duties of director of 
sales service and in April, 1958, di- 
rector of marketing programs. In 
October of ’58 he was named mana- 
ger of marketing and service, and 
succeeded to his present post in May, 
1959. 

The 16 papers scheduled for the 
symposium will be presented at four 
sessions, as follows: 


SESSION | 


Semiconductor Devices, Charles Sim- 
mons, Lansdale Tube Division, Phil- 
co Corp. The transistor from a func- 


tional point of view. Characteristics 
and limitations with reference to 
ratings, response and reliability. 


Magnetic Amplifiers, Dr. H. F. 
Storm, General Electric Co. Funda- 
mentals of single core and full wave 
magnetic amplifiers with respect to 
gain, speed, core materials and phys- 
ical configurations. Discusses appli- 
cations. 


Solid State Transducers, Dr. H. Hen- 
kels, Westinghouse Electric Co. Gen- 
eral discussion of solid state trans- 
ducers. Also covers work on complex 
transducers developed in connection 
with molecular engineering. 


Zener Diode Reference Standards, 
Jay T. Nichols, Daystrom-Weston. 
Design techniques for Zener diode 
applications. 


SESSION I! 

Transistorized Low Level Amplifi- 
ers, Joseph A. Walston, Texas Instru- 
ment Co. Design considerations for 
transistorized low level amplifiers; 
comparison of performance of the 
tube vs. transistor circuits. 


Low Level Magnetic Amplifiers, Dr. 
William A. Geyger, Naval Ordnance 
Laboratory. Applications of low level 
magnetic amplifiers to moving coil 
recorders, oscillographs and high 
speed potentiometer recorders; dis- 
cusses high frequency operations. 


Thermistors in Instrumentation, M. 
L. Miller, Victory Engineering Co. 
Electrical characteristics and avail- 
able physical configurations; applica- 
tion of Thermistors to a variety of 
control and measurement problems. 


ACS Joins Houston Meet 


The American Chemical Society 
will present a technical session at 
ISA’s Houston Conference. The Con- 
ference and Exhibit will be held in 
the Sam Houston Coliseum Feb. 1 
through 4. 

Chairman for the ACS session is 
Dr. Sherman Kottle, Dow Chemical 
Co., Building A-1203, Freeport, Texas. 

The Houston Section will also pre- 
sent its annual Instrumentation Clin- 
ic as part of the Conference. Clinic 
chairman is R. G. Marvin, 103 Daisy 
St., Lake Jackson, Texas. 

More session chairmen, in addition 
to those named in the August ISAJ 
(page 67) have been appointed. Any- 
one who wishes to present a paper 
at these sessions should write direct- 
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ly to the appropriate chairman. The 
newly appointed chairmen include: 

C. W. Bates, Standards and Prac- 
tices technical session, Humble Oil 
and Refining Co., Baytown, Texas. 

Dr. Robert F. Wall, Analysis In- 
strumentation technical session, 
Monsanto Chemical Co., Texas City, 
Texas. 

Dr. R. J. Fanning, Feedback Con- 
trol Systems technical session, Con- 
tinental Oil Co., P.O. Drawer 1267, 
Ponca City, Oklahoma. 

Louis Gess has turned over the 
chairmanship of the Chemical and 
Petroleum technical session to T. M. 
Hoffman, Humble Oil and Refining 
Co., Engineering Division, P.O. Box 
3950, Baytown, Texas. 


Semiconductor Strain Gages, F. T. 
Geyling and J. J. Forst. Characteris- 
tics of germanium and silicon as 
strain sensitive elements. 


SESSION Il! 


Semiconductor Computer Modules 
for Nuclear Safety Circuits, T. Pat- 
chell and D. W. Lukens, Minneapo- 
lis-Honeywell. Use of semi conductor 
computing modules in logic net- 
works. 


Magnetic Cores and Transistors in 
Data Transmission, I. L. Auerbach, 
Auerbach Electronics Corp. Use of 
transistors and square loop magnetic 
cores provide a class of circuits 
which linearly relate output fre- 
quency to input voltage; applications 
in wire transmission of process data. 


Static Control from a User’s View- 
point, F. Ennis, Briggs Associates. 
Economics, engineering, installation 
and reliability of static magnetic 
control; describes test data system 
using approximately 1000 elements. 


Low Level Signal Switching, J. A. 
Riedel, Teledynamics, Inc. New ap- 
proach to solid state commutation 
using constant current and starved 
amplifier techniques. 


SESSION IV 


Solid State Computer Control—Case 
History, Joe Reine, Jr., Louisiana 
Power and Light. Operating perfor- 
mance of a solid state data handling 
installation reviewed; performance 
of components, reliability, mainte- 
nance training and trouble shooting 
aspects covered. 


Core-Transistor Computer Control 
Reliability, Ralph Benghiat, Infor- 
mation Systems, Inc. System using a 
solid state computer for process con- 
trol is described; building blocks, 
logic and reliability. 


Automatic Solid State Industrial 
Control Application, C. B. Ander- 
man, Armstrong Cork Co. Advan- 
tages of solid state circuits in non- 
contact measurement of dip level 
control; compares standard ap- 
proaches with photo-transistor meth- 
ods. 


Reliability of Solid State Compon- 
ents, Leo Landrey, Burroughs Corp. 
Results of large scale component 
reliability testing programs with em- 
phasis on solid state devices; method 
for predicting system reliability from 
component data. 


65 





| 





SECTION NEWS 


ISA Section 
“Down East”? 


Instrument men in the Northern 
New England area have been meet- 
ing throughout the summer, discuss- 
ing plans for a “Down East” Section 
of ISA there. C. W. Dawson of 
Charles T. Main, Inc., arranged the 
first organizational meeting back in 
May, which was sponsored by the 
Section Relations Committee of the 
Pulp and Paper Division. 


(The Pulp and Paper group went 
into high gear this summer. In addi- 
tion to their activities in New Eng- 
land, the Division is hard at work 
on plans for their very first national 
symposium. The symposium is sched- 
uled for April 27-29 in Pensacola, 
Fla., and will be held in conjunc- 
tion with the 6th Annual ISA South- 
eastern Conference and Exhibit.) 


About 40 representatives of New 
England industry attended the Wa- 
terville, Maine, meeting last May 
to hear Owen C. Jones, national del- 
egate of the Boston Section, discuss 
the merits of ISA membership. D. J. 
Morrissey of Pulp and Paper Divi- 
sion moderated a question and an- 
swer session on ISA membership. 


N. L. Danforth, St. Regis Paper 
Company, selected a steering com- 
mittee which met in June. This com- 
mittee will apply for the charter. 
Present plans call for the proposed 
section to have four formal meet- 
ings during the first year, with the 
possibility of forming a joint pro- 
gram with the Maine-New Hamp- 
shire Tappi Section during their 
spring and fall meetings. 


In addition to Mr. Danforth, mem- 
bers of the Steering Committee are 
F. W. Lindsay, Great Northern Pa- 
per Company; J. F. Gorham, Univer- 
sity of Maine; J. A. Bravacos, Fox- 
boro Company; R. E. York, Eastern 
Corporation; H. ™. Griffin, Bailey 
Meter Company; Steve Torey, S. D. 
Warren Company; Peter Bernier, 
Scott Paper Company; R. H. Penta- 
cos, Oxford Paper Company; J. R. 
Vanderveld, Minneapolis-Honeywell 
Regulator Co. 


Mr. Pentacos will act as section 
secretary and Mr. Vanderveld as 
section treasurer. 


SAN FERNANDO VALLEY’S new 
officers for 1959-60 are John With- 
erspoon, president; William Spauld- 
ing, vice-president; Jack Meyer, sec- 
retary; Robert C. Saunders, Jr., 
treasurer; Charles C. Waugh, nation- 
al delegate and Stanley R. Brown, 
alternate. 
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Robert Johnson 
(right), Scientific 
rod 


working parts of 
Lunar I, a toy 
two-stage moon 
rocket, at a recent 
meeting of the 
Richmond-Hopewell 
Section. 

Reports H. C. Adams, 
Section Publicity 
Chairman, “The 
demonstration 
actually proved it to 
be a fine 
instrument.”” 








Tripp, Jeffries Usher in 
New ISA Long Island Section 


Two prominent members of ISA 
will be guest speakers at the charter 
meeting of the new Long Island Sec- 
tion on October 5. Dr. Ralph H. 
Tripp (Grumman Aircraft), ISA’s 
President-elect-Secretary for 1960- 
61, and Dr. Robert J. Jeffries of 
Data-Control Systems, Inc., a past- 
President of ISA, will attend this 
meeting at which activities for the 
coming year will be discussed. 

This will be the first assembly 
of the Long Island group as an inde- 
pendent section of ISA. Previously 
they operated as a chapter of the 
New York Section. 

Warren Kenny, Long Island’s first 
president, will chair the charter 
meeting which will include a brief 
outline of the advantages and or- 
ganizational requirements associated 
with the establishment of an inde- 
pendent section. Officers of the New 
York Section also plan to attend. 


They will speak on past accomplish- 
ments and future prospects and po- 
tential of ISA. 

Because of the members’ virtual- 
ly unanimous interest in instrumen- 
tation for the aircraft industry, ac- 
tivities of the section will be direct- 
ed toward this field. 


In addition to Mr. Kenny, officers 
of the new section include Herbert 
Waldeck, vice-president; Joseph Nas- 
sir, secretary and treasurer; George 
Toumanoff, national delegate; John 
Stotz, alternate; Samuel Hudson, 
membership chairman; Frederick 
Korb, program chairman and John 
Hermayer, publicity chairman. 


The October 5 meeting will begin 
at 8 p.m. at Greentree Lodge, lo- 
cated two miles south of Huntington, 
L. L, on the northwest corner of the 
intersection of Routes 110 and 25 
(Jericho Turnpike). 





THREE SECTIONS planned late 
summer picnics. Sabine Neches Sec- 
tion invited all Gulf Coast area men 
concerned with instruments and in- 
strumentation to enjoy a barbecue 
dinner at the section’s first fall meet- 
ing and get together. 


In late August, Houston Section 
sponsored its annual stag barbecue. 
Houston Section had regular month- 
ly meetings all through the summer, 
and members have been hard at 
work making plans for the upcom- 
ing ISA Conference and Exhibit in 
Houston’s Coliseum, February 1-4. 


Denver Section had a late summer 
social and do-it-yourself picnic. 
Families supplied their own picnic 
luncheons and barbecue facilities 
were available. 


THE LOWDOWN ON DAISY I was 
given to members of San Diego Sec- 
tion at their September meeting, 
when Stanley Rogers of Convair 
Computing Systems spoke on Con- 
vair’s new 400 channel automatic 
Data Acquisition and Interpretation 
SYstem (Daisy I) for collecting and 
processing thermocouple and strain 
gage data. Daisy is connected to the 
Digital Computer Lab by a high- 
speed data link and produces graphs 
of monitor (during-the-test) data, 
“quick look” data (selected raw 
data plotted right after the test), 
and reduced data (plotted a few 
minutes later). 

Rogers joined Convair-San Diego 
in 1943, became head of the Analog 
Computer Lab five years later and 
is now head of Computing Systems. 
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New Jersey Scholar’s 


Second Time Around 


John A. Hrastar, first recipient of 
the Crabbe & Stebbins Scholarship 
in Instrumentation and Automatic 
Control at Case Institute of Tech- 
nology, has had such an outstanding 
record as a senior mechanical en- 
gineering student that he will again 
be awarded the scholarship to do 
graduate work at Case. 


The scholarship is an annual grant 
of $1500 given by Fred L. Crabbe 
and ' Gerald L. 
Stebbins, New 
Jersey Section 
members and 
owners of 
Crabbe & Steb- 
bins Co., Inc. It 
is administered 
through the New 
Jersey Section 
by a committee 
headed by Harry 
F. Moore of Esso 
Research and En- 
gineering, and members George R. 
Feeley of Trinity Corporation and 
James G. Kerley of Shell Oil Co. 


Mr. Hrastar graduated last June 
with honors in mechanical engineer- 
ing and has decided to work toward 
an MS degree in instrumentation. 


The objectives of the Crabbe & 
Stebbins scholarship are to help 
worthy students and to bring atten- 
tion to the need of industry for en- 
gineers trained in instrumentation 
and automatic control. 





John A. Hrastar 


SCHEDULED SPEAKERS for the 
first two meetings of the New Jersey 
Section are Richard Rimbach, who 
will speak at the October 6 meeting 
on “Economic Justification for Au- 
tomation and the Instrument Organ- 
ization,” and a panel of representa- 
tives of RCA; Manning, Maxwell & 
Moore; Swartwout and duPont, who 
will discuss “Reliability of Electron- 
ic Instrumentation in the Process 
Industries” at the November 10 
meeting. 


WAYNE COUNTY SECTION met 
on September 14 to hear Royce E. 
Johnson of Wheeler Division, Bar- 
ber-Colman speak on “Instrumenta- 
tion for Gas Chromatography.” 


FBI SPECIAL AGENT Roy E. Wood 
will open the year for Seattle Sec- 
tion. Mr. Wood will speak at the 
section’s first fall meeting on “In- 
struments in Prevention and Detec- 
tion of Crime.” Among other meet- 
ing subjects planned for the coming 
year are “High Speed Photography 
in Industry,” “Instrumentation and 
the Video Tape Recorder,” “Instru- 
mentation of Navy Torpedoes,” and 
“Instrumenting a Nuclear Power 
Plant.” 
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ISA PERSONALS 


New senior research physicist in 
Humble Oil and Refining Company’s 
Research and Development Division 
at Baytown, Texas, is W. A. Mor- 
gan, a member of the Houston Sec- 
tion. He is engaged in the design 
and development of electronic equip- 
ment for control systems. 





Thompson - Ramo - Wooldridge 
Products Company has named Los 
Angeles Section member Dan L. Me- 
Gurk as sales manager. He will 
manage the company’s field sales 
organization. A graduate of West 
Point, he is a former Rhodes Scholar 
and holds bachelor’s and master’s 
degrees from Oxford. 





A complete technical training 
program in process instrumentation 
for U. S. Gauge field engineers and 
distributors will be developed by 
Philadelphia Section member R. E. 
Cassidy (photo), recently named by 
the firm as director of process in- 
strumentation training. 





J. R. McCauley 
Wheelco 


R. E. Cassidy 
U. S. Gauge 


Wayne County member J. R. Me- 
Cauley (photo), has been appointed 
staff assistant-sales in the applica- 
tion engineering department of 
Wheelco Instruments, a division of 
Barber-Colman. 


The recently opened New York 
offices of Heuer Timer Corporation 
will be directed by Gaston G. Wiley, 
a member of the New Jersey Sec- 
tion. 


A Rochester Section member, Gar- 
rett A. Cook, will head up Taylor’s 
new Engineering Design Division 
which consolidates all design func- 
tions for the firm’s line of industrial 
instruments. He was previously man- 
ager of the Electronics Division of 
Engineering. 








John V. Rauseo 


Dr. P. F. Pagerey 


Taylor Dunn Engineering 


Dr. Paul F. Pagerey, who began 
his career as an apprentice tool- 
maker, has been appointed Kesearch 
Director of Taylor Instrument Com- 
panies. A member of ISA’s Rochester 
Section, Dr. Pagerey (photo), re- 
ceived his doctorate from Purdue in 
1953, when he joined Taylor as a 
member of the Research Dept. He 
has been engaged in making basic 
studies of pneumatic instruments 
and is also an expert with analog 
computers. 


The President of ISA’s Boston 
Section, John V. Rauseo (photo), 
has been named manager of govern- 
ment and industrial relations for 
Dunn Engineering Associates, Cam- 
bridge, Mass., specialists in missile 
guidance development and allied 
test equipment. 


Dr. Francis B. Silsbee, a member 
of ISA’s Washington, D.C., Section, 
internationally known authority on 
electrical theory and technology, has 
retired as chief of the Electricity 
and Electronics Division of the Na- 
tional Bureau of Standards. Appoint- 
ed Division Chief in 1946, Dr. Sils- 
bee has directed the work of Bu- 
reau laboratories responsible for the 
establishment and maintenance of 
the basic electrical units, for test- 
ing the standard electrical apparatus 
and instruments used in science and 
industry, for the development of 
new methods for measuring electri- 
cal quantities, for the determination 
of electrical, magnetic and electro- 
mechanical properties of a wide 
range of materials and for the de- 
velopment and testing of electronic 
devices and components. Prominent 
in many aspects of electrical re- 
search, Dr. Silsbee suggested a the- 
oretical relationship between the 
values of critical currents and criti- 
cal magnetic fields in the phenom- 
enon of superconductivity at very 
low temperatures. This relation has 
come to be known as the “Silsbee 
Hypothesis.” 

(Please Turn to Page 68) 
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3 new Sorensen transistorized 
d-c supplies can solve your lab, 
production and design problems 


In the Sorensen ‘‘Q” Series, you can 
select from the most complete line of 
fully transistorized, highly regulated 
low-voltage d-c supplies on the market: 
OR-Nobatrons, (shown above, left) with 
output continuously adjustable down to 
zero volts, are ideal for labs or wherever 
maximum flexibility is required. Two 
models, QR36-4A and QR75-2, put out 
respectively 0-36V at up to 4 amps and 
0-75V at 2 amps. Regulation of QR36- 
4A is +0.025% or 4 MV for combined 
line and load variations. Input: 115vac 
50-400 cps available for either bench 
or rack-panel (514” x 19”) use. 


Q-Nobatrons®, with 2:1 adjustable out- 
put, can render outstanding service in 
semi-permanent lab set-ups, in produc- 
tion test, or integrated into your own 
product. Available in 15 models up to 


200 watts capacity with 6, 12 or 28 
volts out. Specs and packaging are simi- 
lar to QR models above. Models for 
+0.25% or +0.05% regulation are 
available. Lower wattages are available 
two to a single rack panel (314” or 
514"x19"). 
QM-Series, solder-into-the-circuit sup- 
plies (shown above, right) mount like a 
potted transformer or choke and come 
in 36 variations: nine voltages from 3.0 
to 36vdc, regulated +0.05%; and four 
wattages, 2, 4, 8 and 15. Input 50/60 
and 400 cps at 115vac. (Incidentally, 
Sorensen also offers similarly packaged 
DC-to-DC and DC-to-AC converters.) 
Ask us, or your nearest Sorensen rep- 
resentative, for the complete story on 
these precision transistorized regulated 
d-c supplies. 8.42 


y SORENSEN & COMPANY, INC. 


Richards Avenue, South Norwalk, Connecticut 


Srcmsen— 


WIDEST LINE OF CONTROLLED-POWER 


EQUIPMENT FOR RESEARCH AND INDUSTRY 


iN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA. 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City. 


NEREM ‘59 Commonwealth Armory, Boston, Nov. 17, 18 & 19 
CIRCLE NO. 58 ON PAGE 69 
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(Continued from Page 67) 
> 1s4 PERSONALS— 


O. F. Vogel, Jr., Mojave Desert 
Section, has joined Digital Instru- 
ment Laboratories as sales manager. 
He was formerly senior group engi- 
neer at Electronic Engineering Co., 
where he managed the $3.5 million 
Project Datum, which included in- 
stallation of a centralized data proc- 
essing system at Edwards Air Force 
Base. 


Four ISAmen have received pro- 
motions in The Foxboro Company. 
Carolina Piedmont member T. A. 
Jones has been named branch man- 
ager of the Atlanta office; Savannah 
River member F. H. Leathers has 
been named regional engineer for 
Southeastern states and L. L. Hodg- 
es, Northeast T7nnessee member, 
sales engineer at Mobile, Alabama. 
R. F. Sutton of the Pensacola Section 
has been named branch manager at 
Philadelphia. 


Neil M. Blair of the Chicago Sec- 
tion has been elected vice-president 
and assistant to the president of 
Intelex Systems, Inc., a subsidiary 
of International Telephone and Tele- 
graph. He will supervise the firm’s 
expansion into the commercial and 
industrial automation and control 
fields. 


E. O. Vetter of the Houston Sec- 
tion has been elected a vice-pres- 
ident of Texas Instruments. He has 
also assumed the position of division 
manager of Metals and Controls, a 
TI division in Attleboro, Mass. 


To stimulate presentation of re- 
sults from original research and de- 
velopment in the field of electro- 
magnetic relays, the National Asso- 
ciation of Relay Manufacturers has 
established an honorary diploma 
with the title of Fellow in the Col- 
lege of Relay Engineers. Among the 
first to receive this honor is K. B. 
Austin, a member of the New York 
Section and director of research at 
Allied Control Co. Mr. Austin re- 
ceived the award for his paper “Re- 
lay Coil Surge Voltage Effects at 
High Altitudes,” presented at the 
recent 7th National Conference on 
Electro-Magnetic Relays. 





CORRECTION 


August ISA Personals (page 70) in- 
correctly stated that George Revesz 
had been named head of the Physics 
Dept. of Robertshaw-Fulton’s East- 
ern Research Center. Mr. Revesz was 
named Technical Director of the Re- 
search Center. 
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ATLANTA: Carl L. Fox, Jr., William C. 
Howard, John E. MacConville, Earle 
W. Prendergast, Jermone B. Thomas, 
Leroy A. Woodward 

BALTIMORE: Charles W. Barbour, Walter 
Rhodes Clark, H. Kirk Fallin, John F. 
Maienshein, James M. Mozley, Robert 
S. Warnick 

BATON ROUGE: Ewing L. Barker, Eli 
Braud, Jr., W. Samuel Dyer, C. I. 
Glassbrook, Erman R. Hunt, J. Marion 
Matherne, Homer E. Sanders, William 
F. Schmauss 

BIRMINGHAM: Edgar C. Blackburn, 
Charles D. McIntire 

BOSTON: James L. Baird, H. Martin 
Beede, Eric A. Bianchi, John S. 
Blowney, Cyril H. Brown, Herbert L. 
Cole, Joseph M. Devine, George E. 
Durgin, Frank J. Fleming, John W. 
Fulton, George W. Gassett, Theodore 
N. Graser, Donald Robert Hall, Elzie 
N. Hayes, Jr., Owen C. Jones, John R. 
Lavigne, Fred J. Lingel, Stewart N. 
Miller, David A. Nadel, John D. Phil- 
lips, Paul B. Robinson, Ernest T. Sacco, 
William I. Strauss, John P. Thompson, 
James L. Water 

CAROLINA PIEDMONT: Jack Hopkins, 
John H. Morrison, Earl M. Seagrave, 
Jr., H. Nelson Sellers, Jr. 

CENTRAL ILLINOIS: Gerald B. Horn- 
backer, Ivan B. Mayfield, John R. 
Shaffer, Alfred H. Thoman 

CENTRAL KEYSTONE: William J. Brosch, 
Paul P. Marinak, Edward R. Slone, 
William C. Thomac 

CENTRAL NEW YORK: George T. Claw- 
son, Harold C. Hodgson, Robert G. 
Quick, James H. Shaw 

CHARLESTON: Cyril Batey, Donald N. 
Campbell, F. E. Dandois, Edward I. 
Espy, C. G. Fellows, E. B. Fernsler, 
H. L. Knight, Robert G. McCoy, Rich- 
ard Moses, Alfred V. Novak, Clarence 
D. Shanks, Jr., George R. Spangler, 
Clarence H. Stiles, John M. Taylor, 
Marvin D. Weiss, Clayton A. Williams 

CHATTANOOGA: Joe David Elliott, Gus- 
tav T. Geiger, Robert E. Myers 

CHICAGO: Walter A. Bajek, John S. Bo- 
gen, John J. Burnett, Robert W. Clark, 
Theodore A. Cohen, Gilbert S. Dan- 
iels, Lynn E. Ellison, Samuel G. Eskin, 
George A. Frederick, Joseph J. Ger- 
shon, Samuel E. Gewin, Louis G. Good, 
George E. Hoff, Conrad M. Jankowski, 
Dr. Ernest A. Keller, James H. Kogen, 
L. C. Laird, George E. Lindemann, 
George R. Mays, Dr. Eugene Mittel- 
mann, Eugene J. Moscaret, Sam No- 
vello, Joseph A. Perry, Jr., James L. 
Quinn, Thomas G. Robinson, Alfred A. 
Rogers, Martin L. Roth, Yale L. Saffro, 
Roger E. Schuette, William S. Sher- 
ertz, James R. Simpson, Jr., John W. 
Skomajsa, Albert F. Sperry, Robert 
A. Tuck, John C. Vaaler, Albert G. 
Ward, Howard C. Warren, Richard P. 
Wehrle, Bernhard Willach, Charles A. 
Williams, Arthur Wimpenny, _Sr., 
Charles E. Wood, H. Ziebolz 

CINCINNATI: Robert L. Bookwalter, Paul 
D. Fleming, Joseph C. Frommer, Selig 
H. Isaacs, Richard M. Miller, Howard 
R. Rosser, Richard H. Sniith 

CLEVELAND: Donald F. Barringer, Wil- 
liam M. Bliss, Walter S. Bowers, Paul 
S. Dickey, Frank James Dolesch, Jr., 
Mandel Estrin, Benjamin B. Farmer, 
Neuman H. Fayerweather, Arthur B. 
Fritinger, Joseph P. Green, Robert H. 
Joyce, William C. Juram, Jr., John 
A. Kell, Franklyn W. Kirk, Adam J. 
Mondl, J. F. Richardson, Leroy R. 
Rogers, John F. Roth, Irving R. 
Schwartz, Willam F. Sturdevant, Mor- 
ris M. Ward, Isidore Warshawsky, 
John Werme, Raymond A. Zack 
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NEW TOOL 


FOR THE 


DESIGN 
ENGINEER 





| 


A BREAK-THROUGH IN 


1. Control system design. 
2. Network synthesis. 
3. Transient and frequency analysis. 


An ingenious computer using powerful Lap- 
lace transform methods to simplify complex 
dynamic system problems. System perform- 
ance can be quickly and graphically demon- 
strated by plotting its characteristic equation 
on the ESIAC. The ease and speed with which 
the ESIAC determines and plots these quan- 
tities makes possible rapid analysis and syn- 
thesis of system parameters and ready com- 
parison of various proposed system changes. 


See it in action at the N.E.C. Show, Oct. 
12-14, Chicago and the EASTERN JOINT 


COMPUTER CONFERENCE, Nov. 30-Dec. 
ho 3, Boston 
SEND FOR DESCRIPTIVE LITERATURE 
ELECTRO -MEASUREMENTS, INC. 


7524 S$. W. Macadam Avenue «+ Portland 19, Oregon 
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TIE TIMING SIGNALS 





to different recording media with 


HERMES TIMING EQUIPMENT 





Model 270 
DIGITAL 
TIMING GENERATOR 





Model 220 
RETARDED 
BIT RATE UNIT 





Model 202 
MAGNETIC 
TAPE SEARCH UNIT 





Hermes Timing Equipment is specifically designed 
to correlate precise timing signals with data on differ- 
ent recording media such as recording cameras, 
plotting boards, strip charts and high or low speed 
oscillographs. This timing equipment consists of a 
Digital Timing Generator and Retarded Bit Rate 
Unit which operate during periods of data acquisition 
and a Magnetic Tape Search Unit which operates 
during periods of data reduction. 

Digital Timing Generator, Model 270, is an all 
solid-state instrument which generates binary coded 
decimal signals as recorded on magnetic tape pro- 
viding a precise digital index in terms of elapsed time. 
The Generator also visually displays the exact time 
in hours, minutes, and seconds as illuminated digits. 
An Airborne Digital Timing Generator, Model 206A, 
which meets all the essential requirements of MIJ -E 
5400 is also available. 

Retarded Bit Rate Unit, Model 220, operates in 
conjunction with Timing Generators, Models. 270 or 
206A, to provide a pulse-height, pulse-width signal, 
for recording time on equipments other than mag- 
netic tape recorders. 

Magnetic Tape Search Unit, Model 202, is used 
to control a magnetic tape transport during periods 
of data reduction for automatically searching the 
tape on the basis of time indices previously recorded 
by any one of the two Timing Generators. The 
Retarded Bit Rate Unit, Model 220, can also be used 
with Model 202 for reproducing time on oscillographs 
as previously recorded on the tape. 

Auxiliary equipment including a Run Code Selec- 
tor, Model 225, for inserting data run code numbers 
and a Tape Input Programmer, Model 230, for auto- 
matically programming tape search are also available. 


Write for Technical Bulletins 
on Hermes Timing Equipment. 


The new name for HYCON EASTERN, INC. is 


Hermes Eleetronies Co. 





E 75 Cambridge Parkway . 
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seer ent C. Anderson, Charles 
O. Ba tt, Glenn R. R. Boerstler, Charles 
F. Lucks ‘John C . Scott, Jr., Donald 
H. Whiston 


CONNECTICUT VALLEY: Arthur R. 
Boehm, Jr., William J. Frair, Ree “9 
mond Perley, Forrest C. Tyson, Jr. 
William C. Verbila, Donald C. Whitten 


DAYTON: Donald William Hofmann 


DENVER: William Wallace Corbin, James 
B. Drummond, Hilbert E. Fletcher, W. 
Arthur Gneiser, Howard Peterson 


DETROIT: John A. Geiger, Ralph A. Hox- 
ie, Robert D. Jacobs, James W. Karn- 
owski, Roy F. Knudsen, Ralph A. 
Marinelli, Merle W. Marxen, Raymond 
A. Schnurr 


EASTERN NEW YORE: Winfield H. Ba- 
ker, Giles W. Bradshaw, Glenn L. 
Buck, Jr., Robert W. Carter, Richard 
N. Clarke, LeRoy W. Crookes, Harry L. 
Healing, Everett S. Lee, Salvador Jo- 
seph rsala, William J. Maxwell, 
Walter Mikelson, Murray D. Smith, 
Harold E. Soisson, George E. Ter- 
williger, E. C. Wanner, Donald M. 
Wilsey, Alexander J. Yerman 

FAIRFIELD COUNTY: Frederick H. Bihl- 
er, Vincent J. Coates, R. Clark Du- 
bois, Robert J. Ingham, Jr., Leonard 
Pritkin, C. Garland Roper 

FOX RIVER VALLEY: William J. Beckett, 
John J. Case, G. Garnet M. Eastwood, 
Oscar H. Peterson, M. A. Schreiner 

GREAT SALT LAKE: Alfred Christiansen, 
Max R. Curtis 

HOUSTON: James P. seers, & Leon- 
ard D. Braswell, Carl A rodine, Ed- 
ward J. Byrne, W. T. A. Caraway, 
Julian B. Downey, Ted H. Easley, 
Alba J. Etie, Jr.. W. H. Fortney, E. K. 
Graham, Jr., Carl M. Harris, George 
H. Hatfield, William D. Hilborn, Jean 
P. Hildebrandt, Thomas M. Hoffman, 
aa a Houlihan, Stokes Niven 
Huntley, Joe B. Jansen, Robt. Allen 
Jones, Sidney Robert C. 
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Spencer, Edmund Loy Upp, J. Wen- 

dell Warren 

IDAHO FALLS: Robert G. Bearden, 
George O. Deschamps, Lamar J. Han- 
sen, H. W. Slocomb 

INDIANAPOLIS: Robert D. Harden, Er- 
win J. Wiedenheft, Jr. 


JACKSONVILLE: Edgar Andrews 

KANSAS CITY: Francis S. Boggess, Oliver 
E. Caslander, F. Harry McBride 

LEHIGH VALLEY: Carl H. Bast, Robert 
H. C. Kunkle, Ivan J. Taylor 

LONG ISLAND: Robert L. Crane, Robert 
M. Edgerly, Francis J. Sciacchitano, 
George I. Toumanoff 

LOS ANGELES: Robert F. Angell, Wil- 
liam A. Barton, Joe F. Bauchiero, Ira 
C. Bechtold, Donald H. Bergis, John 
F. Cochran, Joseph Conison, Jack L. 
Courtois, Gerald Richard Curtis, 
Michael Czuha, Jr., Frank F. Davis, 
John F. Drescher, Donald B. Dyer, 
Albert A. Feldmann, William M. Fer- 
guson, Edward A. Ford, E. A. Gard- 
ner, Roger Gilliland, Lee M. Griswold, 
Raymond L. Hixson, Stanley P. Hunt, 
Barton Jones, Benjamin R. Jones, 
Martin E. Kantor, Steve V. Kerstner, 
William Kneen, William I. Mann, 
Robert J. Marmorstone, Robert L. 
Marshall, Richard R. McGee, Donald 
Neil Montgomery, Ralph W. Moore, 
Robert B. C. Newcomb, Thomas V. 
Parke, Dr. Carlo Pavone, Edwin A. 
Pecker, Robert Roy Randall, George 
yA Rayfield, Harold T. Sawyer, Wil- 
liam J. Schenck, Walter A. Schmitt, 
Carl P. Spaulding, Wilbert M. Stanton, 
Louis D. Statham, Thomas M. Stout, 
David W. Stratton, Orville E. Strick- 
land, Robert M. Sweet, Eric Swarthe, 
Russell E. Vaniman, Fred E. Vidaurri, 
John M. Vossler & Co., Gerald A. 
Walley, Jud E. White, James R. Wil- 
son, Orton H. Wisegarver, Peter K. 
Worsley 

LOUISVILLE: James M. Bullis, John E. 
Kasari 


MEMPHIS: Richard R. Gardner, Carlos 
D. Mitchell, James L. Shilane 
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MILWAUKEE: Royce N. Brown, Warren 
D. Ehrke, Richard M. Hamel, Karl W. 
Hawkins, Kenneth L. Holmes, John 
P. Lindem 

MOJAVE DESERT: James Elgin Mason, 
Kenneth R. Oliver, Robert E. ol- 
weiler, Gerald M. Truszynski, Robert 
J. Von Bose, Loren E. Wood 

MONTREAL: Jules Denis Banville, Don- 
ald Beaty, Rene Maurice Begin, An- 
gelo Di-Tomasso, Harry ae oe Law- 
rence G. Holman, Fred M Kay, Paul 
Emile Lochhead, L. Raymond Sauve, 
R. C. Peter Webster 

NEW ORLEANS: Cyril A. Caillet, Jr., 
Douglas C. Meyers, Daniel O’Donnell. 

NEW YORK: L. Van Blerkom, F. P. Ca- 
ruthers, J. E. Casey, Charles H. Colvin, 
Francis L. Corbin, Charles D. Corey, 
Edward P. Dobrin, Charles M. Doo- 
litte, F. George Du Pont, Richard S. 
Ferguson, Frank J. Frederick, Dr. 
Roger Gilmont, Herman Glasser, Hen- 
ry Goldson, Dr. Joseph Greenspan, 
Charles Hanft, Bartow Hodge, Harry 
A. Irving, A. Walter ———, Enrico 
Klein, John A. ; T Lane Lester 
Krulewitz, Walter vawrence 
Lowy, Adol w. Lubbers, Andrew J. 
Melatoshe Robert Norton, Arthur 
Prince, Robert L. Reich, Norman Ro- 
sonberd,, Jacob S. Samkoff, Edward 
Utley Thomas, Thomas G. Watkins, 
Irwin West 

NIAGARA FRONTIER: Charles A. Bick- 
ing, George W. Bordner, Clark J. 
Hall, Jr.. C. William Jewsbury, W. 
Lawrence Kimeer, Robert P. Morrow, 
Wirth J. Olson, John R. Shorts 

NORTH TEXAS: George C. Bestor, Z. S. 
Chutchian, Walter J. Gabriel. Jack 
Ross Gipe, Richard W. Hill, Jack Mc- 
Lain, J. C. Peard, J. E. Russell, Charles 
P. Stellmaker 

NORTHEAST TENNESSEE:. James W. 
Henry, James W. Litton 


> NEW MEMBERS— 


BATON ROUGE: Randolph S. Knipp 

BIRMINGHAM: James W. Ward 

BOSTON: James E. Hefferon 

CENTRAL KEYSTONE: Charles R. Smith 

DENVER: Kenneth W. Hottinger, William 
J. Morley 

DETROIT: Ronald L. Johnson 

EASTERN NEW YORK: Maxwell Long 

HOUSTON: Donald Black, Michael J. Lar- 
sen, Frank J. O'Neil, Joseph P. Powell 

IDAHO FALLS: Gilbert S. Keeley 

LOS ANGELES: Jack F. Andrews, Jr., 
Charles R. Carkfek*, Howard B. Lewis, 
Jr., Roland W. Madsen, Richard W. 
Mock*, Burton D. Swirsky 

MILWAUKEE: Vincent S. Bavisotto* 

MONTREAL: Andrew M. Holmes 

NEW JERSEY: Walter L. Gilmore, Jr., 
Ladislas J. Perenyi, William S. Quimby 

NEW YORK: P. C. Burns, Charlton K. 
Clark, James D. Fahnestock, Philip 
Gottlieb, Aaron R. Kramer,’ Donald 
Smith 

NORTHERN sha Norman G. 
Burkhardt, Paul F. Crooks, Albert K. 
Driscol, John W. Prudhomme, Ross S. 
Smith 

PHILADELPHIA: Eric G. Baitinger, Peter 
Campione, Harry J. Hillemann, Wilson 
J. Hixson, Thomas W. Remchick 

PRESQUE ISI.E: Jack E. Abele 

ROCHESTER: Merle V. Douglas 

SABINE NECHES: Hermon H. Hight 

SAN DIEGO: Jerald E. Decker, Lowell V. 


Silvernail 

ee VALLEY: John E. Spur- 
ing 

SANTA CLARA VALLEY: Malver A. Mc- 
Pherson 


WASHINGTON: Harold A. Wennberg 

UNAFFILIATED UNITED STATES: 
Charles L. Greiser, Robert D. Hill, Jo- 
seph L. Nolan, Kenneth R. Wadleigh* 

UNAFFILIATED FOREIGN: Takashi T. 
Isobe, Kenneth Owen 

SUSTAINING: General Electric Company, 
Apparatus Sales Division, User Indus- 
tries Sales Department, 1 River Road, 
Schenectady 5, N.Y. 


*Signifies that a new member of ISA has been 
admitted as a Senior Member. 
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Gas sampling systems 


failozmads for your 
application 


No single gas sa eins system can 
ibly handle all applications. 
Therefore, Hays ceavlilie eight 
groups of proven components which 
can be assembled in approximately 
16,000 different combinations. . . 
one of which will provide the 
best possible answer to your 
particular gas sampling problem. 


Hays’ trained application engineers 
will gladly provide assistance in 
selecting the system tailor-made for 
you. The complete story is covered 
in our new bulletin, B651. Write 
today for your copy. 


h 


H 


CIRCLE NO. 61 ON PAGE 69 





Aviomanh< Combustion Control 
Boiler Panels + CO. Recorders 
Veriflow Meters and Veritre! 
Ges Anolyzers + Draft Gege:s 
Combustion Test Sets 
Electronic Oxygen Recorders 
Electronic Flowmeters 


Electronic Feed Woter Controls 
Minature Remote ind: cators 
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> INDUSTRY NOTES 











A fuel cell, producing electricity directly from gaseous fuel, 
is demonstrated by its developers, scientists at General 
Electric's Schenectady Research Laboratory. Dr. Leonard W. 
Niedrach (left) and Dr. W. Thomas Grubb, look on as the 
electricity genevated in the small plastic cells spins a minia- 
ture propeller. The fuel in this case is hydrogen, contained 
in the balloon marked ‘“‘H."’. The hydrogen reacts with the 
oxygen in the air producing electricity and, as a by-product, 


water. 


Practical “Fuel Cell” Developed by GE 


A “fuel cell” that produces elec- 
tricity directly from gaseous fuels 
has been developed in a new, im- 
proved form by General Electric 
scientists Dr. W. Thomas Grubb and 
Dr. Leonard W. Niedrach. 


Scientists have been trying for 
more than a century to develop a 
successful “fuel cell” which could 
generate electricity much more ef- 
ficiently than conventional methods 
and act as a compact, light weight 
power source. Studies conducted at 
the GE Research Lab in Schenectady 
have now resulted in a practical de- 
sign. 

The cell, a round plastic disk 
about % inch thick and 3 inches in 
diameter, generates electricity by 
means of a chemical reaction. In the 
present version, hydrogen and oxy- 
gen produce an electric current with 
water as a by-product. 


The hollow interior of the disk 
is divided into two chambers by a 
special plastic membrane which has 
an electrode in contact with each 
of its sides. Hydrogen is fed into 
one chamber and oxygen into the 
other. At one electrode, the hydro- 
gen molecules break up into elec- 
trons and positively charged hydro- 
gen. The electrons travel through 
an external circuit to the other elec- 
trode, thus creating an electric cur- 
rent. 

The positively charged hydrogen 
moves through the membrane to the 
other electrode, where it combines 
with oxygen and the electrons from 
the external circuit to form water. 
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This model is novel in that it em- 
ploys an ion exchange membrane 
as an electrolyte. Electrolytically 
conducting ions are “locked in” and 
cannot be leached from the cell. 
These membranes also reject water 
when they reach saturation. These 
features combine to provide built-in 
controls for maintaining the electro- 
lyte concentration and the water 
balance. 

A number of cells have been op- 
erating continuously for from 75 to 
100 days; one cell, operated for more 
than 100 days, is still running. Two 
cells have been operated with their 
cathodes exposed to the air and one 
is still running after more than 75 
days. Portions of the tests have been 
conducted at current densities of 30 
ma/cm*, although most of the opera- 
tion has been at lower current den- 
sities. The cells have been operated 
mainly on commercially available 
hydrogen and oxygen. 

Because of the thinness of the 
cell and small size of the gas cham- 
bers, performance in terms of net 
power per unit weight is attractive. 
Power densities on the order of one 
to two kilowatts per cubic foot have 
been calculated on the basis of pres- 
ent data. 

The cell promises to be most use- 
ful in special applications, rather 
than in the production of large 
quantities of power for general dis- 
tribution. Military and space ve- 
hicle applications, for example, could 
make use of the fuel cell’s high re- 
liability, simplicity, portability, light 

weight and small volume. 


Pocket-Size 
Spectrometers? 


Mass’ spectrometers — chemical 
analytical instruments used widely 
in atomic energy research and in the 
petroleum, petrochemical and chem- 
ical industries—are getting small- 
er in the space age. 


Consolidated Systems, a _ subsidi- 
ary of Consolidated Electrodynam- 
ics, will build mass spectrometers 
that are only one-half cubic foot in 
size and weigh not more than 12 
pounds. They will go to the Goddard 
Space Flight Center of the National 
Aeronautics and Space Administra- 
tion. 


Two of the devices will be placed 
in orbit within a satellite about 35 
inches in diameter, in an effort to 
gain an accurate analysis and meas- 
urement of the exosphere in a re- 
gion between 150 and 600 miles 
above the earth. The launching is 
planned for 1961. 


The size of the satellite mass 
spectrometers contrasts markedly 
with that of the model which con- 
tributed to CEC’s early success, and 
today is standard equipment in ma- 
jor refineries throughout the world. 
The latter weighs four tons and fills 
a small room. In 1948, a mass spec- 
trometer was designed for use in 
cancer and other medical and bio- 
logical research. A subsequent mod- 
el was developed for use in the 
atomic-energy program. And in 1954, 
the first mobile mass spectrometer 
made it possible to bring the instru- 
ment directly to the source of the 
process it was to monitor. 


In 1957, a desk-top model weigh- 
ing just 115 pounds made its ap- 
pearance. Now, with the promise of 
reduction to one-half cubic foot and 
12 pounds, there’s a ray of hope for 
anyone who’s in dire need of a 
pocket-sized mass spectrometer. 
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Leasing Closed 
Circuit TV 


A broad-based program for leas- 
ing custom engineered closed-circuit 
television systems anywhere in the 
United States and Canada, was an- 
nounced by Diamond Electronics Di- 
vision of Diamond Power Specialty 
Corporation, Lancaster, Ohio. 


Lease contracts can include all 
standard equipment, standard and 
specialized accessories as desired, 
cables, spares, applicable purchase 
taxes and shipping and installation 
charges. 


CIRCLE NO. 502 ON PACE 69 


ISA Journal 








a of & tH ARTA wes A 














New miniaturized memory stack (left 
foreground) is no bigger than a thimble 
and just 1/50th the size of the conven- 
tional stack shown in the background. 
The applied Logics Division of General 
Ceramics Corp., Keasbey, N. j., devel- 
oped the stack for coincident current sys- 
tems. Ferrite memory cores are wired at 
a density rate of about 3.5 million per 
cubic foot. producing prototype stacks 
consisting of 2,048 cores in a unit meas- 
uring only 1 x 1.4 x 1.4 inches. This 
compares with a conventional stack meas- 
uring 3% x 3% x 4 inches. In each 
case the device consists of eight 16 x 16 
arrays. The stack is made up of .050- 
inch memory cores, the smallest in cur- 
rent usage. The original ferrite memory 
core and the .050 size were developed by 
General Ceramics. Production models are 
available now. 
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Rapid Data Acquisition 


Benson-Lehner is completing de- 
velopment of a “Digitape” recorder 
and playback unit for handling digi- 
tal data at greatly increased record- 
ing and playback rates over punch- 
ed paper tape. “Digitape” is a thin, 
transparent, one-inch wide Mylar 
tape coated on one side with a met- 
al film. 

To write, an electric current is 
pulsed through the stylii. The coat- 
ing under the brush is vaporized, 
leaving a transparent bit which is 
read photoelectrically. The data can- 
not be destroyed by magnetic fields 
or accidental erasure. 

Record and reproduce circuits are 
completely transistorized for de- 
pendable, rugged service. The tape 
has 32 channels, one for timing, one 
spare and 30 working channels. Stor- 
are capacity is 70 30-bit words per 
inch at writing rates of 3 inches per 
second (2100 bits per linear inch or 
6,300 bits per second). Reproducing 
speed is 30 inches per second. 30,000 
computer words recorded on “Digi- 
tape” can be read back in 14.3 sec- 
onds. 
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NEMA-EIA Announce 
Semiconductor Programs 


Two major trade associations with 
mutual interests in the semiconduc- 
tor industry have announced that 
they have integrated programs de- 
signed to provide much broader cov- 
erage in the areas of technical stand- 
ards and marketing data for both 
manufacturers and users of semi- 
conductor devices. The organizations 
are the National Electrical Manufac- 
turers Association (NEMA) and the 
Electronic Industries Association 
(EIA). 


NEMA’s semiconductor activities 
essentially will encompass rectifiers 
and controlled rectifiers, while EIA 
will cover diodes and transistors 
generally used in signalling and 
low - level switching applications. 
Power transistors are divided be- 
tween the two Associations’ product 
scopes. 


IBM Matching Grants 


International Business Machines 
Corp. has announced that it will 
match contributions made by its 
employees to educational institu- 
tions. The company will match all 
of an employee’s contributions up 
to $1,000 for each institution per 
calendar year. 


The IBM Matching Grants to Ed- 
ucation Program includes accredited 
colleges, universities, and technical 
and business schools above the high 
school level. 


The new IBM program is part of 
a continuing policy of educational 
support, which includes scholarships 
and fellowship programs. 


Acoustic Thrust Control 


A new technique for varying the 
burning rate of solid propellant 
rockets by introducing high inten- 
sity sound energy into the combus- 
tion chamber during flight will be 
investigated by Acoustica Associates, 
Inc., under a research and develop- 
ment contract awarded by the Na- 
tional Aeronautics and Space Ad- 
ministration. 


The proposed system theoretically 
will permit thrust control by vary- 
ing the intensity of the sound ener- 
gy in accordance with a desired 
thrust setting. Because of an expect- 
ed improvement in the propellant- 
to-structural weight ratio, it is an- 
ticipated that the range of a missile 
fitted with the system will be sig- 
nificantly increased. 






Expanding the Frontiers 
of Space Technology in 


INSTRUMENTATION 












@ Instrumentation at Lockheed 
Missiles and Space Division covers 
a wide tange of activities from 

research to advanced 
measuring techniques directly 
applicable to operating missile and 
space projects. 

Some recent examples of Lock- 
heed’s work in this field include: 
measurements of the electrical, 
mechanical and thermal character- 
istics of certain semiconductors 
such as titanium dioxide and lead 
telluride; investigation of means for 
direct measurements of structural 
relaxation in dipheny] metachloride 
in the frequency range from 10 to 
10,000 cps; laboratory and field 
tests on new ceramic pyroelectric 
transducers for direct measurement 
of heat absorption rate; and the 
investigation of the response of 
dynamic pressure gauges and mi- 
crophones to transient heating. 

Other current efforts include the 
design of a low-input-impedance 
amplifier for use with piezoelectric 
vibration pick-ups; development of 
a compact, multiple-filter circuit for 
in-flight analysis of vibration data; 
and development of simple hand- 
held devices for preflight field 
calibration of accelerometers and 
pressure gauges. 
ENGINEERS and 

SCIENTISTS 
Lockheed Missile and Space Divi- 
sion programs reach far into the 
future and deal with unknown envi- 
ronments. Exciting opportunities 
exist for engineers and scientists to 
contribute to the solution of new 
problems in these fields. If you are 
experienced in one or more of the 
above areas, or have background in 
related work, we invite you to share 
in the future of a company that has 
an outstanding record of achieve- 
ment and to make an important 
individual contribution to your 
nation’s progress in space technol- 
ogy. Write: Research and Develop- 
ment Staff, Dept. J-24, 962 W. El 
Camino Real, Sunnyvale, California. 
US. citizenship required. 


Lockheed 


MISSILES AND SPACE 
DIVISION 


Systems Manager for the 
Navy POLARIS FBM; 
DISCOVERER, SENTRY 
and MIDAS; Army KINGFISHER; 
Air Force Q-5 and X-7 
SUNNYVALE, PALO ALTO,. VAN NUYS, 
SANTA CRUZ, SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL, FLORIDA 
ALAMOGORDO, NEW MEXICO * HAWAII 
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ZERO-SETTING 


PRESSURE 
TRANSMITTER 





Measures Differential 
and Absolute Pressures 
& 
High Reliability — High Accuracy 
e 
Excellent for industrial 
process applications, and 
military testing 


You now have at your disposal an 
instrument adaptable to a larger 
number of both industrial and military 
applications—the new IRC Compu-tran 
Zero-Setting Pressure Transmitter. 


May be zero-set for any environmental 
situation or to obtain zero output for 
any pre-set differential between high 
and low pressure inputs. 


The use of two opposing Bourdon tubes 
with a single magnetic pick-off mounted 
between makes it possible for the 
measured fluids to be contained within 
the tubes and not in the housing. The 
sealed case provides complete corrosion 
and explosion protection. 


Ranges: 0-100 thru 0-5000 psi static pres- 
sure. Differentials up to 100% of range. 
High Accuracy: + 0.25%, infinite resolution, 

output voltage proportional to pressure. 
High Reliability: Frictionless magnetic pick- 
off, guaranteed life 10,000,000 cycles (min.). 
High Sensitivity: Sensitive to 1 part in 1000. 
Input: 110V or 6.3V AC 60 cycle standard, 
adaptable to other voltages, frequencies. 
Output: 10 to 100 MV to 5 volts. AC or DC. 
DC output can be fed into instruments cal- 
ibrated in ranges of 10, 50 or 100 millivolts. 
Temperature Compensated: Output stable 
over full range of ambient temperatures. 
Write for full information — Bulletin R-11 


/1\ 
/ | 
J a 
International Resistance Company 
COMPUTER COMPONENTS DIVISION 


Dept. 472, 401 N. Broad St., Philadelphia 8, Pa. 


in Canada: International Resistance Co., Ltd. 
Torento, Licensee 
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INDUSTRY 
PERSONALITIES 





George E. Fickett (photo), has 
been elected vice-president and gen- 
eral sales manager of Powers Regu- 
lator Company. 


George E. Fickett Or. Finn J. Larsen 
Powers Regulator Minneapolis- Honeywell 


Stepping into-the newly created 
post of vice-president in charge of 
research at Minneapolis - Honeywell 
is Dr. Finn J. Larsen (photo), Hon- 
eywell’s director of research since 
1953. William F. Newbold has been 
named director of research for Hon- 
eywell’s Brown Instruments Divi- 
sion. He succeeds Walter P. Wills, 
who steps into a new post as tech- 
nical advisor to the director of en- 
gineering. 


New sales manager of Telemeter 
Magnetics’ Data Equipment Division 
is Robert D. Schmidt (photo). He 
will direct all sales activities of the 
division from offices in West Los 
Angeles. 


Robert D. Schmidt Allan aaa eae 
Telemeter Magnetics 


New president of the Heath Com- 
pany, a subsidiary of Daystrom, is 
Allan W. Greene (photo), former 
general manager of Moto-Mower, 
Inc., Richmond, Indiana. 


New manager of Taylor Instru- 
ment Companies’ Electronics Devel- 
opment Division is Harvey A. Miller. 
He will be in charge of the entire 
electronics development program. 


Universal Oil Products has ap- 
pointed Dr. L. G. Massey as head 
of the UOP computer department. 




















ELECTRONICS: Over, on and under... 


DIGITAL COMPUTER 
ENGINEERS 


NOW IS THE TIME 
TO MOVE UP FAST WITH 
AUTONETICS 


Here’s your opportunity to join 
the team that developed the 
nation’s first transistorized port- 
able digital computer with “Big 
Computer” capabilities. 


Autonetics now offers you ad- 
vanced opportunities in the 
design, research, development. 
test and checkout, manufacture, 
and field service of digital com- 
puters. Apply your experience to: 


Inertial Guidance Systems 
Flight Control Systems 
Automatic Checkout Centrals 
Armament Control Systems 


BSEE or better is preferred, 
along with several years experi- 
ence in either systems or com- 
ponents associated with digital 
computers in circuits, memories, 
input-output equipment, logic 
design, analysis, or programing. 


Send your resume to: 

Mr. B. D. Benning, 

Manager, Employment Services 
Dept. E-102 

9150 East Imperial Highway 
Downey, California 


Autonetics ¢4,) 


A Division of North American Aviation, inc. 
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The Scientific Apparatus Makers 
Association has appointed Raymond 
F. Thill executive secretary of the 
laboratory apparatus and optical sec- 
tions. His chief activities will be to 
coordinate relations between manu- 
facturer and distributor to further 
improve service to the customer. 
Thill was formerly purchasing engi- 
neer with Chicago Aerial Industries 
and prior to this was associated with 
Central Scientific Company, Chicago. 
He spent two years at Los Alamos 
Atomic Research Laboratories dur- 
ing the development and testing of 
the first atomic bomb in 1944. 


Appointment of I. S. Lerner as Ap- 
plied Research Director for Royal 
McBee Corp., has been announced 
by C. E. Shinn, director of research 
and development. 


David C. McNeely (photo) has been 
appointed manager of the Helipot 
Division of Beckman Instruments. 
McNeely has been acting manager of 
the division since April. 





Gilbert N. Rosa 
Statham 


David C. McNeely 
Beckman/Helipot 


Statham Instruments vice - presi- 
dent for marketing, Gilbert N. Rosa 
(photo), has been elected a member 
of the board of directors. Rosa joined 
Statham’s engineering staff in 1947. 


At Consolidated Electrodynamics, 
Dr. Charles F. Robinson, who joined 
CEC in 1947 as staff physicist, has 
been named associate director of re- 
search. Dr. Clifford E. Berry, for- 
merly assistant director of research, 
has been appointed director of engi- 
neering for the company’s Analytic- 
al and Control Instrument Division. 


W. W. Shannon, president of Ser- 
vomechanisms, Inc., has announced 
the election of John J. Dempsey and 
William T. Smither as _ vice-presi- 
dents of the firm. Dempsey is mana- 
ger of SMI’s Mechatrol Division and 
Smither is general manager of the 
Los Angeles Division. 


Lewis A. Wright has been named 
assistant service manager for the 
Scientific and Process Instruments 
Division of Beckman. 
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in the 


Thermo , 
Electronic 


Self Balancing Indicator 


These new potentiometer and bridge type indicators give you full 34” scale 
readability at a distance. Within seconds, you can check accurately any one 
of several hundred sensing elements connected through multi-point switch- 
ing systems. The instrument will automatically indicate any variable, con- 
vertible to DC potential, current, or resistance. 

The heart of the indicator is the exclusive Thermo Electronic high-gain 
amplifier, which couples exceptional stability (+1 microvolt) with extreme 
sensitivity. It will maintain operating characteristics, even under the most 
adverse conditions. This guarantees consistent measurement in your proc- 
essing. 

Optional two or three position control is available and up to 6 alarm contacts 
are provided. Up or down scale fail-safe action guards your costly processing 
equipment in case of transducer, component or power failure. 

The potentiometer indicator is standardized semi-automatically using full 
amplifier sensitivity. Full scale balancing speed—5 seconds. Range changes 
are easily made in the field. Instrument accuracy is 0.25% of full scale 
sensitivity is +0.125%. 

No matter what your measuring needs, you can best meet them with Thermo 
Electronic 'nstruments. 


Write today for Catalog 65-D 


Convenient access to all components provided by functional design. 


makes the 
difference 








| Thermo Electric 0. 7k 28% 


In Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ontario 
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e new products 


24 Hour Clock 


First in a series of ctustom de- 
signed 24-hour clocks has split 
seconds graduated to 02 and 
features unique “PlanetGear” 
drive which can’t skip or miss 
a number because gears are al- 
ways in mesh. Drums and bear 
ings are nylon; shafts are cen- 
terless ground stainless steel. 
Preset of hours and minutes is 
by a 12 volt d-c high speed mo- 
tor, push button actuated. Split 
seconds are manually set. Hay 
don, Waterbury, Conn, 


CIRCLE NO. 301 


Liquid Level Control Pilot 


Liquid level control pilot has 
adjustable proportional band. 
By means of a single knob, ad- 
justment proportional band can 
quickly set while the liquid level 
system is in operation, leaving 
liquid level set point unaffected. 
Employs differential pressure 
sensing method, is unaffected by 
surface turbulence and does not 
require troublesome floats, cages, 
linkages, torque tubes or stuff- 
ing boxes. The Leslie Co., 
Lyndhurst, N. J. 
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Pressure Transducer 


Pressure transducer measures 
full system differential pressures 
at each port, features small size, 
rugged construction for missile 
and rocket hydraulic systems 
where space and weight are 
critical, Pressure rating 0-100 
through 0-5000 psig. Sensitivity 
2 mv per volt to 4 mv per volt. 
Temperature range —28° to 
275°F; compensation holds ther- 
mal zero shift to less than 
+0.01% of full scale per °F. 
Standard Controls, Seattle, Wash. 
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4-Way Solenoid Valve 

Unique 3 position 4 way dual 
solenoid valve without springs, 
spools, pistons or closely fitted 
parts handles air, water and oil 
up to 250 psi. Only 2 moving 
pilot cores and 4 flexing dia- 
phragms; available in 1/4” or 
3/8” NPT and all voltages up 
to 550 volts, 60 cycles, 250 volts 
d-c. Dead-tight seating for pre- 
cision positioning of cylinders— 
positively no creeping or drift- 
ing problems. Automatic Switch, 
Florham Park, N. J. 
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Plug-In Preamplifier 


Plug-in preamplifier for use 
with strain gages and other 
transducers achieves the equiva- 
lent of d-c amplification by am- 
plitude modulating a 25 ke car- 
rier voltage supplied by the 
plug-in unit; yields high gain 
sensitivity, relative insensitivity 
to noise, freedom from amplifier 
drift. 10 win/in sensitivity with 
gage factor of 2 and single active 
bridge arm; d-c to 6 kc response; 
60 yw risetime. Tektronix, Port- 
land, Ore. 
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Electronic Indicator 

Distinct, clearly visible elec- 
tronic indicator indicates values 
of flow, liquid level, tempera- 
ture, pressure, position, input 
motion, % Oo, % COs, % He, 
pH, resistance and d-c millivolts. 
A differential transformer re- 
ceiver or a slidewire receiver can 
be incorporated for operation 
with suitable transmitters. Fea- 
tures 4.4 second pointer travel 
over full scale, with 300 degree 
indication. Hays Corp., Michi- 
gan City, Ind. 
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New Sensing Device 

Motion sensing device is es- 
sentially a type of transducer 
with a unique, near-perfect 
combination of properties in- 
cluding: extreme _ resolution; 
minute operating force with neg- 
ligible reactive force; very ac- 
curate linearity, even close to 
null point; high, stable electri- 
cal output; wide range of pos- 
sible configurations from sub- 
miniature up; exceptional rug- 
gedness. Brush Instruments, 
Cleveland, Ohio. 
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Electronic Timer 

Printed circuit electronic tim- 
ers for short interval time con- 
trol feature two heavy contact, 
four pole, double throw relays 
for circuit flexibility, contact re- 
liability. Rated at 15 amperes, 
operates on 115 volts, 60 cycles. 
Many single and .dual timing 
ranges available. Unaffected by 
temperature variations from 0 
to 100°F, humidity and mount- 
ing variations. Automatic Tim- 
ing and Controls, King of Prus- 
sia, Pa. 
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MANSFIELD 
GREEN. 


INC. 
1051 POWER AVE. CLEVELAND 14, OHIO 
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: TELEDYNE 


PRESSURE TRANSDUCER 


*“‘RUGGED and 
DEPENDABLE’’ 


BONDED STRAIN GAGE construction c 
makes the TELEDYNE practically insensitive to 

vibration or shock . . . keeps it on the job long ‘NX 
after others have failed. Handles highly corrosive media 
including fuming NITRIC ACID. Features Pressure Cavity 
clean out and standard built-in overload protection. 
Repeatability 0.1%, Linearity 0.3%, Ambient 

Temperature —150° to +275° F. i Millisecond Response. 
Sixteen Pressure Ranges: 0-50 up to 0-10,000 PSI. 


With one simple cable connection up to % mile, the TELEDYNE 
can be used with the Taber Indicator as shown, or standard make 
Recorders or Controllers. 


Write or telephone for literature and prices. 


TABER INSTRUMENT CORPORATION 


Section 241 © 107 Goundry St. © Tonawanda, N. Y. 
Phone: LUdlow 8900 . TWX-TON 277 
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> mew products 


Magnetic Tape Unit 

Recently developed magnetic tape unit is designed specifically 
for on-line data collection and reduction systems, Automatically 
collects Jarge volumes of data from more than 500 sensing in- 
struments; stores at a rate of up to 2,560 readings per second; 
specific information is searched either forward or reverse at a 
rate of 75 inches per second and re-entered into the computer 
for analysis. Quick-look data produced during a test run, com- 
plete results preseuted in meaningful form within minutes after 
run is finished. Each transport has a capacity of 1.3 million 
computer words of 18 bits each. Electronic circuits. Thompson- 
Ramo-Wooldridge Products Co., Beverly Hills, Calif. 
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PDM Display Unit 


PDM data bar graph dis- 
play adapter presents stand- 
ard PDM telemetering data 
in convenient bar graph 
form on standard lab oscil- 
loscopes. Silicon transistor 

: circuits; missing channel 
correction, Precision slicer-amplifier for cleaning up raw signals 
at the output of receivers. Requires only 10 watts of 60 or 400 
cycle power. Kauke and Co., Santa Monica, Calif. 
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Metering Valve 

New metering valve, featuring a 40-pitch thread and extra- 
ordinary needlepoint flow control in the 0 to 4000 cm/min ait 
flow range, finds applications ranging from gas analysis and 
sampling lines to meeting extremely delicate measuring require- 
ments of burettes. Available in brass and stainless steel. Nuclear 
Products Company, Cleveland, Ohio. 
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Direct Reading Gage 

Direct reading thermo- 
couple vacuum gage for 
continuous measurement of 
gas pressure in a vacuum 
system will measure total 
gas pressure in the range of 
from .001 to 1 mm. of mer- 
cury. The gage tube is in- 
stalled in the vacuum sys- 
tem with a special connector 
which can be inserted in either glass or metal. When the unit 
is turned on the meter immediately indicates total pressure of 
the system in microns of mercury. Contains a built-in regulating 
transformer. Central Scientific, Chicago, Ill. 
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Proximity Transducer Systems 

Proximity transducer systems are the only means of elec- 
tronically detecting moving or stationary objects of either fer- 
rous or non-ferrous metals without physical contact. They 
can be used as detecting devices, positioning controls, sensing 
elements for all types of counters and limit switches. Applica- 
tions include automatic production lines, conveyors, parts feed- 
ers, mining equipment, machine tools a:«! packaging machines. 
Electro Products Laboratories, Chicago, Ul. 
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Transmitting Rotameter 

Exclusive feature of this straight-through flow, armored trans- 
mitting rotameter is a faithful and dependable magnetic bond 
between the rotameter metering float and the transmitting o1 
other secondary instrument. Ideal for applications such as 
measuring still bottoms, slurries, Bunker oils, pthalic anhy- 
dride, tall oil compounds, etc. Brooks Rotameter, Lansdale, Pa. 
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Recording function electrically 
adjustable from linear to 
logarithmic and trans - 
logarithmic 


adjustable from 
10 to 200 millivolts 


Designed specifically te be used with ing densitometers for correctly- 
Cee cciediaire enduttion ol Ceetreghiads euttan do hn gape 


tH Write for Bulletin #1100 TN TONEL HOTT IL 






BOGE GURL EEEEL (Ut 
Alse: Densitometers pH Meters Colerimeters Fluorescence 
Meters _ Electronic Photometers Photometers 
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LEISS 


Single and Double 
MIRROR - MONOCHROMATORS 





with exchangeable prisms for the 
visible, ultraviolet, infrared from 
200 millimicrons to 20 microns 


Write for Bulletin +980 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 
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Voltage Regulator 

: Transistorized, magnetic amplifier- 
type battery voltage regulator over- 
comes problems of voltage decay 
inherent in battery supply sources, 
maintains outputs to +29% even with 
a battery supply voltage drop of 20 
to 30%. Battery efficiencies of 85 to 
90% are standard with this unit. Op- 
erates in adverse environments from 
—20 to 165°F. Gulton Industries, 





Metuchen, New Jersey. 
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Compressed Air Dryers 

Complete line of compressed air dryers from I-cfm to 6600 
cfm emphasize purity of the air delivered. Air from dryer is 
sterile, dry (moisture reduced below 0°F dewpoint) and clean, 
free from gaseous oils and foreign particles down to sub-micro- 
nic size. Air is qualified for instrumentation, processing of 
chemicals, drugs, foods, beverages, etc. Van Products Co., Erie, 
Pa. 
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Plug-in Power Supplies 

Designed as a component for use with 
computing systems in strain gage appar- 
atus, plug-in power supplies have cap- 
acity of 15 watts output (fixed or var- 
iable) with 0.19% regulation. Voltage 
ranges are available from 0 to 300 V d-c. 
Recovery less than 50 secs; ripple, 
0.019%; overshoot less than 1.09% of volt- 
age setting. Transistor regulator circuit 
provides fast response and accurate reg- 
ulation for both line and load charges. 
_ Mid-eastern Electronics, Springfield, 
S N. j. 
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High Speed Electronic Counters 

High speed counting devices have preselection and predeter- 
mining features that permit the controls to be set for a de- 
sired total or series of totals, and when these numbers are 
reached, to actuate a switch, which in turn can be made to 
perform any number of mechanical or electrical chores. Veeder- 
Root, Hartford, Conn. 
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Electric Control 

Bailey Meter Company has introduced a new line of solid 
state electric control components and devices for completely 
integrated process control systems. Using a transmission of 
—25 to +25 volts d-c, Bailey Electric Control is compatible 
with present data handling and performance monitoring equip- 
ment. Bailey Meter Co., Cleveland, Ohio. 
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Temperature Controller 

Extremely accurate tempera- 
ture controller will control to 
the close limits of +0.25°C at 
1,000°C, or above, continuously 
for months or years. Intensive 
testing of 56 prototypes over a 
three year period showed total 
down-time for maintenance was 
three hours—or one hour in 56 
years of operating time. Appli- 
cations include critical temperature control of furnaces used in 
creep testing alloy steels, iron and steel foundries, chemical and 
nucleonic plants—wherever electrical thermometers operating 
up to 1,200°C are used. Winston Electronics, Shepperton, Mid- 
dlesex. 
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Robertshaw 
FLEXIBLE COUPLINGS 


for instrument and servo drives 





Ideal for eliminating vibration, shock, noise, end play and 
backlash . . . and guarding against misalignment friction 
and bearing wear problems in servomechanisms, instru- 
ments and other similar drive and control systems. Simpli- 
fied design utilizes two hubs connected by a seamless 
metallic bellows in several metals. Write for technical 
data on stock or custom units. Ask for Data Sheet H-8010! 


>» Kobortshow- Fulton 
— Mare” 


BRIDGEPORT THERMOSTAT DIVISION - Milford, Conn. 
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NEW MINIATURE 
PRESSURE 
TRANSDUCER 


BY COLVIN 


* Only one inch square 
— one inch long 


# Withstands high 
vibration 

35 & to 5000 CPS 
0-3 to 0-400 psi 
400 to 10,000 ohms 


AVAILABLE IMMEDIATELY 


COLVIN 


LABORATORIES, INC. 
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> new products 


Electro-Pneumatic Relays 


Electro-pneumatic relays convert a 
d-c signal to a proportional pneu- 
matic signal. Used with pneumatic 
devices, they permit the complete use 
of the speed of electrical transmission, 
reduce time-distance considerations, 
broaden the scope of pneumatic in- 
strumentation. Manning, Maxwell & 
Moore, Inc., Stratford, Conn. 
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Digital Read-out Counter 

Machine tools, navigation and tracking instruments, radio 
wave length indicators and other instruments requiring ex- 
tremely high speed digital readouts can use this counter which 
will attain speeds up to 15,000 rpm. Due to unique feature of 
100 increments on the unit wheel, readings are attainable at 
speeds of 150,000 increments per minute. Durant Manufactur- 
ing, Milwaukee, Wisconsin. 
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Remote Control Digital Voltmeter 

New digital voltmeter features complete transistorization and 
a new digital logic which prolongs stepping switch life by a 
factor of at least six times that in other instruments. Plug-in 
modular construction permits rapid replacement of any com- 
ponent. The voltmeter can be controlled both locally from the 
front panel switch and remotely -by electrical signals. Measure- 
ment range is 100 microvolts to 1000 volts in four automatically 
selected ranges. Non-Linear Systems, Del Mar, Calif. 
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Automation Programer Controls from C 

Totally new programing-controll- (9myesus 
ing-indicating-recording instrument 
simultaneously “reads” a _ pencil- 
drawn program chart, controls a proc- 
ess accordingly, then superimposes a 
record of process performance on the 
same chart. The cam mechanism and 
related circuits are eliminated and 
the program appears as a double-line ee 
graph, penciled directly on the recording chart. Any deviation of 
the recording pen from the middle of the penciled graph regu- 
lates the process to oppose the deviation. Research, Inc., Hop- 
kins, Minn. 
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Electronic Liquid-Level Detector 

Super-sensitive electronic relay is actuated by electrostatic 
proximity effects between the probe and the surrounding media. 
Applications include detection of level of foam, interface, liquids 
and fluid solids. Temperature range is —40 to 200°F; pressure, 
30” vacuum to 1000 psi. Instruments, Inc., Tulsa, Oklahoma. 
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Electrometer pH Accessory 
New pH electrode adapter facili- 
tates precise measurement of pH 
changes as small as .0005 units. It has 
three sets of connections for glass or 
calomel electrodes which may be used 
in the same or different solutions. 
Guard positions electrically isolate 
the electrode connections from each 
other. Applied Physics, Monrovia, — 
Calif. . ' 
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SINCE 1860 


Superior 
timers and = 


STOP WATCHES 


FOR SCIENCE and INDUSTRY 


Where extreme accuracy is essential —- Heuer 


Timers are the answer. Reliability coupled with 0 
the most advanced features makes HEUER the 0 90 
first choice for every time-measuring ass'gn- 0. 80 
ment. New Central Register design for greater 
legibility. 1.72 
Ref. 231-213 

3/32” to 1” 


Heuer Century Decimal 
Timer with side-slide. 
Thin Black hand makes 
one complete Revolution 
in 60 secs. Large Red 
minute hand registers up 
to 60 mins. Outside dial 
div. reads in Dec. mins 
Red inside div. in secs 
and/or mins. 
Time out wy$27 0 
side-slide. 
Other Heuer Timers from $19.00 
GUARANTEED REPAIR SERVICE 
on all fine timing instruments 
free estimates 
Send for FREE 100th Anniversary Heuer 
‘Century Timer’ catalog—over 100 
different timers! 


HEUER TIMER CORP., peot. 1.s. 


441 Lexington Ave., New York 17, N. Y. 








MINIATURE 
| SCREWS 


CUT THREADS 


NUTS - WASHERS 


Brass — Steel — German Silver 


MILLIONS 


IN LOCAL STOCK 


DUMONT TWEEZERS 
G. CURTIS 


SPRANG 


607 So. Hill St. 
Los Angeles 14, Calif. 
MAdison 3-1025 


FOR MEASURING TANK CONTENTS 
ANY DISTANCE AWAY 


| 
Gait 


TANK MAY BE BURIED, 
ELEVATED, OPEN, 
CLOSED, VENTED OR 
UNDER PRESSURE OR 
VACUUM 








and Vacuum 
Differential Pressure 
Inclined Manometers for draft. 
pressure or differential pressure. 


SEND FOR BULLETINS 
MB UEHLING INSTRUMENT CO. 


463 GETTY AVE., PATERSON,N.J 


Absolute Pressure (Mercury Column) 
Pressure 
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Meter Relays 
Meter-relays with a 
new design principle 
retain the reliability 
of locking contacts 
but provide instan- 
taneous reset. The 
moving pointer shows 
the signal level at all 
times, even when the 
set point has been 
passed and control 
circuits energized. 
The circuits remain 
operative until reset 
calls for opposite ac- 
tion. In application, 
control action is di- 
rectly linked to the 
signal. A V-shaped toggle with contacts on each of its arms is 
pivoted on the underside of the adjustable pointer that marks 
the set point. When the signal pointer reaches set point, a cir- 
cuit is closed through both the booster coil and the coil of a 
multipole load relay. As the load relay initiates the desired con- 
trol action through one set of contacts, another set closes and 
pulls a surge of current through the meter-relay movement. 
Enough torque is thus added to the indicating pointer to cause 
it to snap the toggle and move past it. Assembly Products. 
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Level-Tel—Continuous Level Capacitance System 


New-design continuous level capacitance system detects, meas- 
ures and visually indicates media level changes. Linearity is 
+ 10% of full range; features include simple two-step calibration 
and unrestricted cable length between probe detector and trans- 
mitter unit; hew models incorporate printed circuits for plug-in 
maintenance ease. Robertshaw-Fulton, Anaheim, Cal. 
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2I£4ULTRA-Precision 
Matcertelelile miuliagesiae) ol- 


@ For critical measurements 
on miniature parts for 
the electronic industry . 


@ Image magnifications 
between 200x and 600x 


® Reading from optical 
micrometer between 
-00005” and .000015”. 


@ Integrated surface 
illumination. 





Request circular 
72-111. 


OPTO-METRIC TOOLS, INC. 


11371SA_ VARICK STREET, NEW YORK 13, N.Y. | 
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All steps of manufacturing and testing Con-O-Clad are in 
keeping with the Conax policy to produce only bighest 
quality products, e Conax is the only manufacturer of min- 
eral insulated thermocouples mak- 
ing a complete line of pressure 
fittings and terminations for entire 
assemblies ready for installation, 


Write for » 






20 page fully illustrated 


DATA BOOK 









corporation 


2332 Walden Ave., Buffalo 25, N. Y. 
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A BALANCING INSTRUMENT WITH A 
NEW STANDARD OF PERFORMANCE 


Recognized for its outstanding accuracy and versatility, the 
Morehouse Calibration and Weighing System Balancing Instru- 
ment has undergone a design change which adds new standards 
of stability and performance. An extremely sensitive miniature 


cam, spring loaded for positive performance, replaces a potenti- 
ometer as the zero adjustment device. No phase relationship 
difficulties are possible and readings are direct and simple. 
In calibrating load cells, dynamo- 
meters, thrust stands, testing machines, 
and other weighing systems, the 
Morehouse Balancing Instrument can be 
teamed wit! various capacity Morehouse 
Load Rings to give a broad calibra- 
tion range. A vacuum tube is used with 
the instrument and operates on 110 volts. 
Send today for our Bulletin 169 and data 
on this new Balancing Instrument. 


Territories open for qualified repre- - 
sentatives. Write direct to factory, “——__"" “***'=- «0... 


MOREHOUSE MACHINE CO. 


1742 Sixth Ave © .York, Po 
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engineers 


and 


scientists 


SSBB aue 


LEEDS & NORTHRUP CO. 


.. asa result of continued growth now has openings 
for college graduates at the Bachelor, Master’s and 
Doctoral level. Electrical, chemical, nuclear or physics 
degrees preferred. 


i f you enjoy doing creative work at a truly 
professional level and have 2 to 10 
years’ experience in: 


@ MEASUREMENT & CONTROL 

OF INDUSTRIAL PROCESSES 
DATA PROCESSING 

ELECTRIC & STEAM POWER 
NUCLEAR REACTORS 
SERVOMECHANISMS 
ANALYTICAL INSTRUMENTATION 
@ TECHNICAL WRITING 

@ ANALOG & DIGITAL COMPUTERS 
@ SOLID STATE ELECTRONICS 


We would like to talk to YOU 


about openings in: 


* Research & | * Product 


Development Engineering 
* Sales | * Application 
Engineering Engineering 

eon neeennneee Send Your Resume To ------------- 


MR. WAYNE L. BESSELMAN 


Coordinator Of Technical Employment 


LEEDS & NORTHRUP CO. 


4850 Stenton Ave. . Philadelphia 44, Pa. 
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CAMBRIDGE 


GAMMA-RAY 
POCKET 


NOSIMETER 


I is personnel monitoring in- 
strament measures the cumu- 
lative exposure to gamma or 
x-rays over a given period of | 
time. The instrument consists | 
of an ionization chamber, a 
quartz fibre electrometer and 
a graduated scale and viewing ee 3 
system. The charging unit a 
comprises a 180 volt “B” battery, a 14 volt “A” battery, a 
flashlight bulb, the well for inserting 
Dosimeter, and the charging control. 


t 


Power Rectifier and Portable Pro- 
\, jection Viewer. 


CAMBRIDGE INSTRUMENT COMPANY, INC. 
3557 Grand Central Terminal, New York 17, N. Y. 
PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 








me 
ow 
SEND FOR BULLETIN 300 G.D. 
\ Cambridge also makes the Linde- 
\ mann-Ryerson Electrometer with 
—— 
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PANDUX 


THERMOMETERS 


cHeck GAY 


SURFACE TEMPERATURE , 
































SPOT-CHECK ® All Stain- SURFACE Three Ranges, MAXIMUM-MINIMUM Ali 
370°F. Stainiess Steel. Four 


to 1000°F. With magnet a in Centigrade.With ranges to 1000°F. With 
$4.00 magnet $6.75 $6.75 


fess Steel. Four ranges minus 50°F. to 
magnet........ 








HI-HEAT Two Built-In PIPE For Pipe up to SURFACE PYROMETER 
10” Surface Tip. Two 


5 250°F. or 70°F. to 370°F. ‘ranges to 2300°F. Com- 
$57.00 


Magnets. 50°F. to asf 2” NPT. Minus 50°F. to 
\ oh ee With springclip.. $6.75 plete........ 


OTHER PANDUX THERMOMETERS: Stainless Steel Order through 


Stem Diai Type reguiar and with maximum- 
minimum hands; Glass Mercury Immersion Types 
for production and laboratory. 


@eeccee 


factory for com- 


PACIFIC TRANSDUCER CORP. [1°39 "FOB 
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NEW BOOKS 








Servomechanism Fundamentals, Ben 
Zeines, 257 pp., $5.50. 

Brief, elementary treatment of servo 
systems written especially for the 
technician to acquaint him with the 
basic methods of servo systems and 
data transmission systems. Stresses 
fundamentals. Many diagrams, close- 
ly integrated and correlated with 
text. Questions and problems re- 
view material in each chapter. (Or- 
der from McGraw-Hill Book Co., 330 
West 42nd St., N. Y. 36, N. Y.) 


Gas Chromatography Applications 
Manual, Theron Johns, 71 pp., 
$5.00. 


Workbook on gas chromatography 
for chemists and chemical engineers 
covers the basic theory of gas chro- 
matography, proper instrument de- 
sign, column technology and appli- 
cations. Complete section devoted to 
industrial gas chromatography. Lab 
application section covers such sub- 
jects as qualitative and quantitative 
analysis and trace component analy- 
sis. (Order from Beckman/Scien- 
tific and Process Instruments Divi- 
sion, 2500 Fullerton Road, Fullerton, 
Calif. 


Oscilloscope Techniques, Alfred 
Haas, 224 pp., $2.90. 

Over 300 waveform photos and ex- 
planations of their significance in 
circuits. Includes circuits, accessories, 
measurements, characteristics, radio 
and TV patterns. Some chapter heads 
are: The Cathode-Ray Tube, Meas- 
uring Electrical Magnitudes, Net- 
works and Waveforms, Checking Re- 
ceiver Circuits, Oscilloscope Fault 
Patterns, etc. (Order from Gerns- 
back Library, 154 West 14th St., 
MN. ¥. 4,489 


Transistor Cireui‘s, Rufus P. Turner, 
160 pp., $2.75. 
Handbook on practical transistor ap- 
plications keeps math and theory to 
a minimum while giving many hints 
on use of transistors. Includes test- 
ing, performance, construction and 
measurements. (Order from Gerns- 
back Library, 154 West 14th St., 
N. ¥. 11, 3%. ¥. 


Transistors — Theory and Practice, 

Rufus P. Turner, 160 pp., $2.95. 
A companion vol. me to “Transistor 
Circuits.” Covers semiconductor the- 
ory, equivalent circuits, amplifiers, 
oscillators. Provides an elementary 
explanation of transistor theory and 
operation. (Order from Gernsback 
Library, 154 West 14th St., N. Y. 11, 
N. Y.) 
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ELECTRICAL 
STANDARDIZATION 
OF 
TRANSDUCERS 


After three years of opera- 
tion on rocket test stands 
and months of extrapolation 
to the missile airborne in- 
strument calibration prob- 
lem, the method of Statham 
Standardization is ready for 
general use. 


Briefly, it is an electrical 
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technique whereby any 
number of Statham un- 
bonded strain gage pressure 
transducers and accelerom- 
eters can be made to have: 
(a) the same transfer func- 
tion, and (b) single shunt 
calibrating resistor stand- 
ardization over a wide tem- 
perature range, with a fixed 
percentage of accuracy. The 
following benefits are 
obtained: 

1 Immediate access to 
meaningful data after 
test. i 

2 Elimination of calibra- | 
tion curves. ; 

3 Fast, complete system | 
electrical calibration. 

4 Easy transducer system 
sensitivity checks. 

5 Free interchangeability 
of transducers from a 
pre-calibrated stock. 


For full details write for 
Data File ISA-754-2 


! 
! 
' 
I 


STATHAM INSTRUMENTS, INC. 
12401 West Olympic Boulevard 
Los Angeles 64, California 
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TEAMMATE 





STATHAM CA-9 
Strain Gage 
Signal Amplifier 


Through the use of modern 
design techniques, 
Statham has succeeded 


in drastically reducing ! 
the size and weight of strain ! 


gage signal amplifiers. 
Completely transistorized, 
the CA-9 is 
more reliable in 
adverse environments 
than larger and heavier 
amplifiers, and 
retains the precision 
needed in current 
aircraft and space 
vehicles. 
Write for 


Data File ISA-601-3 
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STATHAM INSTRUMENTS, INC. : 
12401 West Olympic Boulevard i 
Los Angeles 64, California ' 
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PACE 
TRANSOUCERS 


CAN TAKE /7 / 


PACE Model P21 transducers were used by 
a Government Agency to measure differential 
pressure at an engine test facility. The trans- 
ducer shown above was caught in an explo- 
sive blast and engulfed by fire. 

Upon being returned to the factory, the 
transducer was tested and found to be opera- 
tive and on calibration. With a new cable and 


fittings, it was as good as new. 


PACE builds a complete line of rugged, 
reliable magnetic reluctance transducers, 
designed to withstand extreme pressure 
overloads and the abuse encountered in 
normal and abnormal applications. 


For detailed information on these trans- 
ducers, PACE Instrumentation Systems and 
Thermocouple Reference Junctions, phone 
or write to the factory or contact your local 
PACE Engineering Company representative. 


ad Od — ie 
13035 Saticoy Str 


eet North Hollywood 


TRiangle 7-7139 
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HOW MANY WAYS CAN A 


BUTTERFLY VALVE 


SERVE 


YOU? 





FISHER-CONTINENTAL GIVES YOU 
FULL FREEDOM OF CHOICE 


.«. g2s, vapor, liquid or semi-solid control problems specify 
Fisher-Continental Butterfly Valves—any size . . . any metal or 


alloy . . . amy temperature . . . any fluid . . . any pressure. . . 
any condition . . . any operator, manual or power, 
For complete details about Fisher-Continental Cr sl. 
Butterfly Valves send for free literature. roe ; 
t 


FISHER GOVERNOR COMPANY 


Marshalltown, lowa /Woodstock, Ontario /London, Engiand 
Direct Inquiries To: 





SINCE 1880 J 


CONTINENTAL EQUIPMENT CO. DIVISION, CORAOPOLIS, PENNSYLVANIA 
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MOBILE-IZE YOUR 
ELECTRONIC EQUIPMENT 








INSTRUMENT CARRIER MODEL MC-1 
Decks with black ribbed rubber. 


ad 4 OF a O), | Oe Ae eo] o Cae talel-lgeD, 


With Formica Top a a, ee 5 
Both d ‘ a 
3 








TECHNIBILT 
CORPORATION 
905 AIR WAY, GLENDALE 1, CALIFORNIA 
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new literature 


New publications that will keep you up-to-the-minute on developments. 
Catalogs are sent direct by the manufacturer without cost or obligation. 
Circle Code Number on the Readers Service Postpaid Postcard, Page 69. 











Free Circular Slide Rule 
Convenient, pocket-size circular slide 
rule for engineers and for plant and of- 
fice executives who must perform simple 
calculations. Multiplies, divides, gives 
proportions. General Industrial Co., Chi- 


cago, Ill. 
CIRCLE NO. 401 ON PAGE 69 


How to Specify 
Transformer Parameters 

Three new technical brochures help 
circuit design engineers accurately specify 
the design of low-power pulse transform- 
ers. Cover blocking oscillator applica- 
tions, interstage coupling applications and 
specific applications where transformer 
parameters are known. Technitrol Engi- 
neering Co., Philadelphia, Pa. 
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Relay Reprints 

Complete papers of the 7th Annual 
Conference on Electromagnetic Relays 
held at Oklahoma State University avail- 
able free. Thirty-one papers are includ- 
ed in profusely illustrated 134-page book- 
let. Potter & Brumfield, Princeton, Indi- 
ana. 
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Beckman Meters Catalog 

Photographs, drawings, detailed de- 
scription, everything that has to do with 
Beckman meters is included in 20-page 
meter line catalog. Expanded-scale a-c 
and d-c voltmeters, frequency meters and 
linear-scale ammeters presented individ- 
ually—operating principles to complete 
specs. Beckman, Fullerton, Cal. 
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Russian Abstracts 

Listing of English Abstracts of Russian 
Technical Journals available from OTS, 
showing some 100 Soviet technical period- 
icals abstracted regularly by the U. S. 
Government and released to the public 
through OTS. Supersedes August, 1958 
list. U. S. Dept. of Commerce, Washing- 
ton, D. C.— OTS. 
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Water & Sewage Treatment 

Thirty-page booklet D97-2 is compila- 
tion of article reprints from “Instrumen- 
tation” magazine. Field proven answers 
to questions on instrumentation as ap- 
plied to water and sewage treatment. 
What instruments are used, how, and job 
they do in automatically controlling many 
variables in water and sewage treatment 
processes. Minneapolis-Honeywell, Phila- 
delphia, Pa. 
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512-page Components Catalog 
Complete component line — electrome- 
chanical, development, electronic, gearing, 
tool—in 512-page catalog 60. Lllustrated, 
thumb-indexed, specs and prices, partial 
list of inertial navigation test components. 
Sterling Precision, Port Washington, N. Y. 
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Pay-As-You-Go Data Processing 
Wide range of data processing applica- 
tions now being processed on a pay-as- 
you-go service bureau basis listed in new 
brochure giving more than 200 IBM 704- 
650 computer applications. Typical engi- 
neering applications include flutter analy- 
sis, reaction analysis, cut and fill, circuit 
analysis and design, and crude oil evalu- 
ation. Service Bureau Corp., N. Y., N. Y. 
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Production Control 

Telecontrol, a management tool for 
controlling production and boosting plant 
efficiency, is described in 6-page brochure 
H-201. Coordinates and controls in-plant 
supervision and production activities from 
a central location. Hancock Industries, 
Jackson, Mich. 
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Transistor Reliability 

Eighteen-page reprint of article series 
“How to Design for Transistor Reliabil- 
ity” which appeared recently in Electron- 
ic Equipment Engineering is available 
free. Aims to give design engineers better 
understanding of factors leading to more 
reliable semiconductor circuits. Solid State 
Products, Salem, Mass. 
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Free Corrosion Calculator 

Unusually detailed calculator showing 
preferred materials for 247 different types 
of corrosives is a handy guide to the 
selection of materials of construction 
based on “substantial” through “inade- 
quate” resistance to chemical in question, 
atmospheric pressure and temperature. 
Hoke, Inc., Cresskill, N. J. 
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Servo Design Report 

How to design, breadboard and ana- 
lyve servo systems rapidly, without need 
fo, fabrication of expensive intermediate 
prototypes, is detailed in SDR-1 bulletin 
on servo system simulator. Equipped 
with just block schematic and screwdriver, 
designer can go from idea to final proto- 
type in one quick step. Worth looking 
into. Servo Corporation of America, Hicks- 
ville, L. L., N.Y. 


CIRCLE NO. 412 ON PAGE 69 














VARIAN 
Potentiometer 
RECORDERS 
Used by the thousands 


because... 


1. THEY ARE TRULY 


ORTABL. 


The Varian G-11A weighs only 
15 pounds and can be carried 
anywhere in the laboratory, 
plant or field. And because it is 
a potentiometer recorder, it is 
highly sensitive and can be 
adapted to extremely varied 
recording requirements. 


Varian recorder prices from $ 365; 
full-scale balancing time 1 or 23s sec- 
onds; ranges from 0-9 millivolts to 
0-100 voits, wide choice of speeds, 
accessories and charts. Full specifi- 
cations and description available by 
writing the Instrument Division. 


FY 


VARIAN 


PALO ALTO 24, CALIFORNIA 
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new 
Bourns 
absolute 
pressure transducer 
Mintature potentiometer 
transducer /35G vibration, 
20-2000 cps / High accuracy / 
5-ounce weight 





New bourdon tube instrument 
for telemetering and control of 
missile, pneumatic, and 
hydraulic systems. Absolute, 
gage, or differential pressure 
ranges available with static 
error band of +0.9%. Excellent 
noise-free low error performance 
in high vibration and 
acceleration environments. 


Model 725 
Pressure ranges up to 0-5000 psia 
Static error band* +0.9% 


Dynamic error band +1.8% 
(includes +35G to 




















2000 cps) 
Discontinuities None 
(noise) 
Size (exclusive of | 1-%" D x %” 
fittings) 


*includes friction, hysteresis, 
+ tabili 


linearity, © ! , rep 





Write for complete technical data 





BoURNS 
Inc. 


P.O. Box 2112M , Riverside, Calif. 
Field Engineering Offices: 
L. L. New York, and Dallas. Texas 











Pioneers in potentiometer transducers 
for position, pressure and acceleration. 
Exclusive manufacturers of 

Trimpot*, Trimit® 
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Test: 
in progress 


hee! 





Readout: 
instantaneous 





Immediately evaluate your test results, using new, ie 
extra-thin Kodak Linagraph Direct Print Paper in suitable a 
moving-mirror galvanometer oscillographs. 

No wet processing! Records can be read as they're being made. 
And you get sharp, legible traces to 30,000 i.p.s. 

New Kodak Linagraph Direct Print Paper on extra-thin 
base provides extra footage for longer runs. i 
Sizes on request. For complete details, write to: a as 


gv 
EASTMAN KODAK COMPANY wie 


Photo Recording Methods Division Mo, . 


Rochester 4, N. Y. 
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MUIRHEAD 


PRECISION EQe GC TRECAL INSTRUMENT 


CATALOGUE 


This 8-page abridged catalogue is 
intended as an introduction to 
the Muirhead range of precision 
products. It contains abridged 
specifications and descriptions of 
Frequency Analysers, Oscillators, 
A.C. Bridges and associated 
equipment; Tuning Forks; 
Laboratory Equipment and Precision 
Components; Control Units; 
Facsimile Transmission Equipment. 
It is available without charge and 
will be mailed upon request. 




















MUIRHEAD INSTRUMENTS INC. - 441 LEXINGTON AVE - NEW YORK I7-N.Y.- U.S.A. 
MUIRHEAD INSTRUMENTS LIMITED STRATFORD ONTARIO CANADA 
MUIRHEAD & CO. LIMITED BECKENHAM - KENT ENGLAND 
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> new literature 





Rockwell Turbo-Meter 

Functions, applications and operation of 
Rockwell turbo-meter described in new 
12-page illustrated bulletin OG-417. De- 
tailed cutaway drawings, accuracy and 
head-loss curves, list of accessories and 
specs. For use in petroleum pipelines 
handling both crude and refined prod- 
ucts. Rockwell Manufacturing, Pittsburgh, 
Pa. 
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Data Products Catalog 


Quick reference catalog on data prod- 
ucts defines term “record reader” and 
Ciscusses various types of record readers 
produced. Also describes types of auto- 
matic plotting machines. Benson-Lehner, 
Los Angeles, Calif. 
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Control Drives 

New, high-torque control drives suit- 
able for high temperature applications 
to 250°F are described in product speci- 
fication P8I-1. All four sizes, producing 
torques from 50 to 2250 ft-lbs. Bailey 
Meter, Cleveland, Ohio. 
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Boiler Water Gage 


Details of operation, construction and 
ratings of “refragage”, which uses light 
refraction to give black and white read- 
ings of liquid levels, similar to reflex 
gages, on high-pressure boilers, are cov- 
ered in data unit 356. Jerguson Gage and 
Valve, Burlington, Mass. 
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Servo Components 

Illustrated basic brochure describes line 
of servo components, gives specs on con- 
trol and torque synchros and_ resolvers. 
Additional information on the company 
and its personnel. Vernitron Corp., New 
York, N. Y. 
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Instrument Counters 

Two catalog pages illustrate and fully 
describe precision instrument counters 
designed for navigational applications, 
computers, missile tracking, radar, etc. 
Also can be used to indicate liquid level, 
altitude, distance, temperatures, pressure, 
etc. Chicago Dynamic Industries Chicago, 
Ill. 
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Silicon Controlled Rectifier 
June-July issue of “Rectifier News” in- 
cludes construction and operation details 
of “Thyrode” silicon controlled rectifier. 
Diagrams, charts, details in 8 pages. In- 
ternational Rectifier, El Segundo, Cal. 
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Stable High Signal Level— 


resolution—high sensitivity . 


new Bourns angular 
position transducers 


Infinite Resolution/ 






AC & DC/10,000,000 
cycle life—no sliding contacts/ 
Vibration to +35G; shock to 100CG 


New position transducer line 
designed for high accuracy 
servo-systems requiring infinite 


Differentia! transformer output 
signal for AC circuits. Available 
with integral demodulator 


for DC circuits. 


2200 (with Demodulator) 


v, 
Vv 


to+ 





Write for complete technical data 





BOURNS 
Inc. 
P.O. Box 2112E, Riverside, Calif. 


Field Engineering Offices: 
L. 1, New York, and Dallas, Texas 











Pioneers in aria meee treneducets for position, pressure and acceleration. 


of Trimpot®, Trimit® 
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This is 


LEVEL 
MASTER 


The UNFAILING Liquid 
Level Control! 


The ability to function with 
continuous, sensitive control with 
liquids is the standout feature of 
Level Master. The “brain” of Level 
Master is the unique Bell Magnetic 
Proximity switch incorporating a 
permanent Alnico V magnet that 
responds instantly to changes in 
liquid level! 
© Models for all types of liquids. 
© Horizontal, vertical, external 
mountings. 
© Precision engineered for long 
life operation. 
For full information consult your 
Level Master representative or write 
directly to: 


JO-BELL 
PRODUCTS, INC. 


5456 W. 111th St. e Oak Lawn, Ill. 
Phone GArden 5-0240 

















r 
Jo-Bell Products, Inc. deot. & 
, 5456 W. 111th St., Oak Lawn, Ill. : 
; Send full information on Level Master : 
! and name of nearest representative. 
| My nome : 
| Company 
' ' 
; Address : 
; City Zone —___State ; 
Ey Se aE Ke aciteedicindiainiaa aa 
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Chromatogram Scanner 

Scanogram II, an automatic window- 
less 4x chromatogram scanner that si- 
multaneously counts both sides of one 
or more continuous radiochromatogram 
strips up to 50 ft long, provides true 
windowless operation; is especially suited 
for counting tritium, carbon-14 and sul- 
fur-35. Complete system described in 2- 
page bulletin 160. Atomic Accessories, 
Bellerose, N. Y. 
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Time Delay Relays 

Newly published engineering bulletin 
5903, 8-page illustrated catalog containing 
complete technical data on electronic time 
delay relays in‘orporating no-moving- 
parts transistor timing module. Tempo 
Instrument, Hicksville, N. Y. 
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Servoamplifier 

Electronic servoamplifier and power 
supply for use in a-c instrument servo 
systems is described in new 2-page tech- 
nical data sheet. Specs, photos, construc- 
tion data and a block diagram. Seneca 
Falls Machine Co., Seneca Falls, N. Y. 
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Recording System 

One-page bulletin 350-5 gives general 
system specs, diagram and general in- 
formation on radar data recording sys- 
tem that accurately records dynamic ra- 
dar data, correlated in time to 0.001 sec- 
onds, in form suitable for direct entry 
into IBM-704. Datex, Monrovia, Calif. 
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Motor-Tach Generator Catalog 

New 16-page catalog 6000 lists and fully 
describes all basic models of complete line 
of precision made motor-tach generators, 
sizes 8-18, for scientific, military and in- 
dustrial applications. John Oster Mfg., 
Racine, Wisc. 
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Automatic Exposure Control 

Basic principles of automatic exposure 
control in photographic instrumentation 
are given in 3-page technical article 
from July issue of Flight Research “Re- 
corder.” Flight Research, Inc., Richmond, 
Va. 
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Thermocouple Catalog 

Newly revised fully illustrated 52-page 
catalog EN-S2 offers complete information 
on full line of thermocouples and thermo- 
couple components and accessories. Rec- 
ommendations on choice and use of 
thermocouples and assemblies and on the 
limitations of protecting tube and well 
materials. Leeds & Northrup, Philadel- 
phia, Pa. 
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You Get Things Done With 
Boardmaster Visual Control 





yy Gives Graphic Picture of Your Opera- 
tions—Spotlighted by Color 

yy Facts at a glance—Saves Time, Saves 
Money, Prevents Errors 

yy Simple to operate—Type or Write on 
Cards, Snap in Grooves 

¥¥ Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

yx Made of Metal. Compact and Attrac- 
tive. Over 400,900 in Use. 


Full price $49.50 with cards 





FREE 24-PAGE BOOKLET NO. B-30 
Without Obligation 











Write for Your Copy Today 


GRAPHIC SYSTEMS 
55 West 42nd St., » New York 36, N.Y. 
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High-Speed 


OPTICS 


For Image Amplifiers— 
Speeds Equal to F/0.5 


® Designed for use with RCA— 
Phillips —- Bendix — Friez — 
— Westinghouse and cascading 
image amplifiers. One to one sys- 
tems of extreme speed — short 
focal length. 


® New Optical Systems available 
for prompt delivery from stock. 
State full data for quotation. Ideal 
for X-Ray — Radiation research 
and astronomic telescopes. 


@ Other optics, photo and re- 





cording equip- 
ment available 
from world's lar- 
gest "LENS 
BANK" — Write 
for Encyclopedia 





Catalog ISA 959 


BURKE & JAMES, tw 


321 S.Wabash Of aileot- i: lem. Mm lillalelt.. 
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Light Foot Quantizer 


Two-page technical bulletin describes 
light foot quantizer, a device capable of 
time resolution to 20 millimicroseconds. 
Accepts time-varying analog inputs, con- 
verts information to digital format, quan- 
tizes time between events to a resolution 
of 20 light feet. Resolution capabilities 
50 time better than previous equipment 
designed for this task. Computer Equip- 
ment Corp., Los Angeles, Calif. 
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Spectrum Analyzers 


Complete line of automatic spectrum 
analyzers with 0.5 cps to 44 kmc range, 
unique response curve tr cers and instru- 
mentation systems described in catalog 
Digest 1959 — 12-pages. Specs and descrip- 
tions under individual headings. Pano- 
ramic Radio Products, Mt. Vernon, N. Y. 
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Budget Air Dryer 

Air dryer fills long-standing need for 
an economical means of supplying dry 
instrument air in small lots. Especially 
suited to pilot plants or isolated unit con- 
trolled by a few instruments. Completely 
automatic; up to 20 cubic feet of air per 
minute. Pittsburgh Lectrodyrer, Pitts- 
burgh, Pa. 
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Optical Pyrometer 

Free reprint, “Recording Optical Py- 
rometer,” describes recording pyrometer 
which measures the brightness tempera- 
ture at 0.65 yw of a small incandescent 
sample in the range 1300°C to above 
3000°C with a time constant of a few 
milliseconds. George A. Philbrick, Boston, 
Mass. 


CIRCLE NO. 430 ON PAGE 69 


Millivoltmeter 

Analog - to - digital millivoltmeter indi- 
cator is servo-driven potentiometric unit 
with lab accuracy of 1/10th9%. Has digital 
readout from 144” tape-slidewire pro- 
graming contacts for dependent functions, 
with retransmitting slidewire for remote 
indication, recording or telemetering. 
Four-page brochure. B&H Instrument, 
Fort Worth, Texas. 
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Full-Scale Automatic Control 
Systems for full-scale automatic control 
in plants, refineries and pipelines are 
described in 4-page bulletin 3019. Con- 
solidated Electrodynamics, Pasadena, Calif. 
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170-page Synchro Catalog 


Illustrated 170 page catalog of syn- 
chros, servomotors, servoamplifiers, _re- 
solvers, rate gyros and potentiometers 
contains specs and outline drawings of 
200 units. Details on synchros manufac- 
tured to newest MIL specs are included. 
Ketay, Commack, L. I1., N. Y. 
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©2 Transfer Many Thermocouples 


With T-E Quick-Coupling Connectors and Panels 


Connector Panels T-E has one for your exact needs. These panels provide flexible, 
centralized control in transferring any number of thermocouples to indicating, multi- 

point recording and controlling pyrometers. Ideal for patch panel use, they ore 
available in many compact shapes and sizes — with interchangeable plugs and jacks 

in 1-C, C-C, and C-A. A panel for 48 thermocouples and 16 pyrometers measures only 

134%,” x 7%”. Polarity markings and screw-fastened connections make wiring easy. A 
Connectors These connectors permit fast, easy making and x 
breaking of thermocouple circuits. Durable construction guarantees long, dependable 
usage. Polarized and mechanically interchangeable, all plugs and jocks ore of 
standard matched thermocouple materials. Spring-loaded contacts with long wiping 
surfaces provide firm but easily broken connections. 


Write for Bulletin 23-D 


Thermo Electric G.inc 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Coneda) Lid., Brampton, Ont. ‘3 
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HASTINGS GAS FLOWMETER 





Model F1-6 Indicator in explosion-proof case. 


Type S-16B Gas Flow Probe fag. 





RANGE AND CALIBRATION — The indicator is 
furnished with a linear scale from 0-200. Calli- 
bration curves are available for air over the range 
from 25-6,000 feet per minute at S.T.P. or from 
2-450 pounds per minute per square foot of cross 
sectional area. The greatest accuracy, however, 
is in the lower portions of these ranges, princi- 
pally, from 75 to 1,000 feet per minute at S.T.P., 
and from 4 to 75 pounds per minute per square 
foot of cross sectional area. Calibration curves 
can be determined for most other gases and 
gaseous mixtures. 


Lb 
APPROVED FOR Cless 1, 
Group D HAZARDOUS LOCATIONS 


This electrical instrument is the 
first of its type to be UL ap- 
proved for use in the presence 
of certain flammable and ex- 
plosive mixtures, Class 1, 
Group D. Indicator furnishes 
continuous, direct indication 
of mass flow in gas lines. 115- 
Volt 60 Cycle operated. 


e EASILY INSTALLED — No ori- 
fices, Flanges or By-Pass 
Required. 

eNO CORRECTIONS needed 
to compensate for tempera- 
ture or pressure variations. 

e CONTINUOUS DIRECT 
INDICATION. 

e EXTREMELY SENSITIVE. Can 
even detect leaks in valves 
and control units. 








HASTINGS-RAYDIST, INCORPORATED 
HAMPTON 2, VIRGINIA 
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3-15 PSI 
AIR SIGNAL 






ELECTRIC 





CONTROL ico 
FROM A MOUNTING 
PNEUMATIC me 







COMPONENT 


SIGNAL 


WITH THE 


CONOFLOW 
MODEL EB 
CURRENT ia 
CONTROLLER 


The Model EB Current Controller—an exclusive product of 
Conoflow Corporation—is a unique final control element. It is 
a pneumatic-electric transducer consisting of a pneumatic cylinder 
actuator fitted with a rack and pinion mechanism, and a standard 
electrical component such as a rheostat, potentiometer or auto- 
transformer. The cylinder actuator, operating from a 3-15 psi air 
signal, produces a rotary motion (to 360°) to precisely position the 
ciectrical device affording automatic control of voltage, current, 
inductance, capacitance, resistance, or other electrical values. 


APPLICATIONS —Conoflow Model EB Current Controllers are 
available from the factory in over 200 combinations of electrical 
components to hancle a wide variety of applications. A few of 
these include: 

e Constant Pressure 

e Proportional Flow 

e Liquid Level 

e Temperature Control 







Machine Tool Speed 
Conveyor Control 
Heat Treating 
Humidity Control 





A TYPICAL EXAMPLE 


Direct flow regulation by varying 
pump speed is accomplished when 
re) fe) the EB unit is used with a pnevu- 

matic controller and an elec- 
| tronic speed changer. It auto- 
matically positions the small 
theostat in the grid circuit of a 
thyratron controlled speed 
changer, thereby adjusting motor 
and pump speed. This method of 
flow rate control can be used 
to provide control of temperature, 
pressure, pH, interface, or liquid 
level. It eliminates the valve, 
reduces motor power input, and 
provides for positive flow 




































3.15 PSA 














rangeability. 
The EB unit with cylinder directly 
led to the ture or field 


rheostat of a DC shunt wound 
| motor is also widely used for 
8 UNIT motor speed control. 














For additional information on the Model EB Current Controller write to 
Conoflow Corporation, 2100 Arch Street, Philadelphia 3, Pa., for Bulletin EB-3A. 


CONOFLOW J 


| 
| 
CORPORATION 
FOREMOST IN FINAL CONTROL ELEMENTS 1 
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The Story of SCATE 

SCATE (Stromberg-Carlson Automatic 
Test Equipment) is completely described 
in attractive, illustrated 24-page booklet. 
SCATE is a pre-programed automatic test 
system using only solid-state devices in 
computer circuit modules, all assembled 
in compact mobile console. In a typical 
missile application, a 12-hour manual 
test program was reduced to less than 5 
minutes. Stromberg Carlson, Rochester, 
N.Y. 
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Numerical Control Systems 

Bulletin GER-1581, 8-page reprint, ex- 
plains fundamentally how numerical con- 
trol systems for machine tools direct com- 
pletely automatic production of simple 
and complex parts in job-lot production. 
Case studies. General Electric, Schenec- 
tady, N. Y. 
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Drone Telemeter System 
Telemetering system for drone battle- 
field surveillance is completely described 
in bulletin 860 which includes a 3-page 
detailed block diagram and illustration of 
transmitting set in the drone and receiv- 
ing set and readout equipment in mobile 
van. Tele-Dynamics, Philadelphia, Pa. 


CIRCLE NO. 436 ON PACE 69 


Boiler Control 

Using separate boilers to back up util- 
ity extraction turbines and pressure re- 
ducing-desuperheating stations to furnish 
steam to complex chemical plant poses 
interesting control problems. How prob- 
lems were solved is explained in 12-page 
bulletin 1057. Blaw-Knox, Erie, Pa. 
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Voltage Regulators 

Fight-page bulletin S2591ET describes 
instantaneous, electronic, automatic volt- 
age regulators ideally suited for applica- 
tions requiring instantaneous correction 
of a-c line voltage fluctuations and the 
unique advantages of transistors. In most 
cases, complete correction is obtained 
with 3 to 10 cycles. Superior Electric, 
Bristol, Conn. 
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Instrumentation Careers 

Science and engineering students as 
well as vocational guidance counselors 
will want “Your Career with the Instru- 
ment and Control Industry,” written from 
a study conducted by the Recorder-Con- 
troller Section of SAMA throughout the 
industry. Answers many questions about 
the field and present opportunities for 
engineers in this field. SAMA, Chicago, 
Ill. 
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classified 


advertising 





POSITIONS WANTED: 75c per line, minimum 
three lines. Box number counts as one line. 
Payable in advance. No discount. 

POSITIONS OPEN, etc.: $1.50 per line, mini- 
— three lines. Box number counts as one 

ine. 
60 characters and spaces per line. 

DISPLAY. wd D tp to yl ): $14.00 per column 
inch. Minimum 1 umn inch. 

All A we size ads—standard advertising rates 

apply. 

Cc must reach the ISA Journal, Granite Bidg., 

313 Sixth Ave., Pi Pa., not later than 

of month ng te of publication. 








POSITIONS WANTED 











EXECUTIVi SALES ENGINEER. Back- 
ground in management and sales promo- 
tion of systems and custom engineered 
equipment. Location Philadelphia and 
East. Write Box 2121, c/o ISA Journal. 





INSTRUMENT MECHANIC 


Brewery, Tampa, Florida, needs in- 
strument mechanic. Applicant must 
have 4 years experience. ICS or in- 
strument manufacturers’ training 
school can account for one year's 
experience. Send complete resume 
to: P.O. Box 9245, Tampa 4, Florida. 








Wanted. Meter Production Super- 
visor. Requires experience in meter 
building, methods, and procedures, 
involving the ability to supervise 
and handle women. Excellent oppor- 
tunity with a fast growing meter 
company for person meeting the 
above qualifications. Write Box 2120, 
c/o ISA Journal. 








INSTRUMENT ENGINEERS 
eben oony gen 5 meant 
Experienced on ion of 
TEM PERATURE’A AND’ PRESSURE. 
INDICATORS AND RECORDERS 
Bourdon and Bi-metal types and 
related products) 

Excellent opportunities with Top Ranking 
Long Island Manufacturer. 

Send Details in Confidence. 

Box No. 2113, c/o ISA Journal 








Wanted 
Engineering Editor 


Excellent opportunity as junior 
editor for an instrument and con- 
trol magazine. Must be graduate 
engineer between 25-30 years of 
age, and must have experience in 
electronic instrumentation or re- 
lated equipment and proven abil- 
ity to do technical writing. Oppor- 
tunity for training and advance- 
ment. Submit resumes to Box 
2107, c/o ISA Journal. 











LOOKING FOR A REPRESENTA- 
TIVE, WANT TO FILL A POSI- 
TION. LOOKING FOR A POSI- 
TION? Use a classified ad in the 
ISA Journal. Send your copy, etc. to 
Classified Department, ISA Journal, 
313 Sixth Ave., Pittsburgh 22, Pa. 


October 1959 


Process Instruments Catalog 

New 8-page illustrated condensed cata- 
log is divided into 7 sections: all-electric 
combustion control systems, receivers, and 
instruments for five major process vari- 
ables—pressure, flow, temperature, level 
and gas analysis. Bulletin 59-CO91 (297) 
Hays Corp., Michigan City, Ind. 
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Temperature Control Valve 

Pilot operated temperature control 
valve controls temperatures from 35 to 
450°F with only 10 ranges. Suitable for 
pressures to 250 psi and temperatures to 
406°F. In 21%” and 3” sizes. Illustrations, 
flow curve, sizing charts, specs, dimen- 
sions in 2-page bulletin JNP-2. OPW- 
Jordan, Cincinnati, Ohio. 
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Elapsed-Time Indicators 


Subminiature hermetically 
elapsed-time indicators for operation on 
115 volt 60 cps supplies; 5 digits reading 
to 9999.9 hours in  tenth-hour incre- 
ments. Bulletin AWH ET-603 lists catalog 
item units with illustrations, specs, and 
outline and mounting dimensions for all 
models. A. W. Haydon, Waterbury, Conn. 
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industrial Liquid Meters 

New catalog 43 (19 pages) provides 
new and simplified basis for selecting a 
volumetric meter for any given applica- 
tion and for any liquid that can be me- 
tered. Buffalo Meter Co., Buffalo, N .Y. 
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Frequency Detector 

Bulletin F-25 describes “Magmeter,” 
frequency detector delivering d-c output 
voltage proportional to input frequency. 
Measures frequencies up to 10,000 cps 
at linearity better than 0.259. Circuit 
diagrams, complete electrical and mechan- 
ical characteristics, etc. Airpax Electron- 
ics, Fort Lauderdale, Fla. 
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Tester Adapters 

“Add-A-Tester” adapters for manufac- 
turer’s model 260 volt-ohm-milliammeters 
simply plug in to convert the 260 to 
many different test instiuments. Adapters 
include transistor tester, d-c VI'VM, tem- 
perature tester, a-c ammeter, audio watt- 
meter, microvolt attenuator, battery tester. 
Bulletin 2101. Simpson, Chicago, III. 
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Air-Dry Vinyl Spray 

Convenient tool kit spray gun for plant 
and equipment maintenance. Dries in 
minutes to tough, durable plastic coating 
that prevents corrosion by water alkalis 
and acids. One page bulletin and corro- 
sion resistance chart 1158C. Quelcor, Inc., 
Chester, Pa. 
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»> coming events 
*Denotes ISA Sponsored or Participating Meeting 











OCTOBER 1959 


Getapee 12-14 — 15th Annual National 

tronics Conference, Chicago, Ill. 

pom ete M. E. Van Valkenburg, Elec- 

trical ~~ Dept., U. of Illinois, 
Urbana 


October 25-28—Aeronautical and Na - 
tional Electronics Conference, Balti- 
more, Md. Sponsor: IRE, Contact: G. 
A. Engelbert, Dublicity Chairman, Ben- 
dix Radio, Baltimore 4, Md. 


October 26-298—Conference on Anal 
Chemist in Nuclear Reactor Tech- 
nology, atlinburg, Tenn. Sponsor: 
Oak Ridge National Laboratory. Con- 
tact: C. D. Susano, Oak Ridge National 
Lab., P. O. Box Y¥, Oak Ridge, Tenn. 


October 28-298—6th Annual Computer Ap- 
plications ra ium, Morrison Hotel, 
Chicago, Sponsor: Armour’ Re- 
search Foundation. Contact: M. J. Jans, 
Armour Research Foundation, 10 W. 
35th St., Chicago 16, Il. 


October 29-30-1959 Electron Devices Meet- 

. Washington, D. C. Sponsor: IRE: 

Cortact: Sponsor, 1 East 79 St., New 
York 21, N. Y. 


NOVEMBER 1959 


November 3-5—Mid-America Electronics 
Conference (MAECON), Kansas City, 
Mo. Sponsor: IRE, Kansas City Section. 
Contact: Ira J. Jones, Bendix Aviation, 
P. O. Box 1159, Kansas City 41, Mo. 


November 4-6—Eastern Analytical Sym- 
posium and Instrument Exhibit, New 
York City. Sponsor: ACS and others. 
Contact: Charles Jedlicka. Lucius 
Pitkin, Inc., 47 Fulton St., N.Y., N-Y. 


*% November 4 -6—Nationa' Automatic Con- 
trol Conference, Dallas, Texas. IRE 
with ISA, AIEE goeperetne. Contact 
=. +. Bigliano, E uPont de Ne- 
mours, Experimental Station, Wilming- 
ton 98, Delaware. 


November 4-6—Sectional Meeting, Society 
for yor Spectroscopy and Instru- 
ment Exhibit, Hotel New Yorker, N. Y. 
Contact: Dr. M. F. Wilson, Air Reduc- 
tion Corp., Research Lab., Murray 
Hill, N. J. 


November 5-6—Eighth Annual Instrumen- 
tation Conference, Ruston, Louisiana. 
Sponsor: Louisiana Polytechnic Insti- 
tute. Contact: Stewart ggarly, Lou- 
isiana Polytechnic Institute, Dep. of 
Mechanical Engineering, Ruston, La. 


November 8-12—Annual Meeting National 
Electrical Manufacturers Association, 
Atlantic City, N. J. Contact: - 
155 East 44th St., N. Y. 17, N 


November $-11—4th Instrumentation Con- 
ference, Atlanta-Biltmore, Atlanta, 
Ga. S “~~ a Contact: IRE, 1 East 
79th of Wee Re Ey Oe Ee 


‘Hovdmpes 50-03-20 Annual Conference 
Electronic T es in Medicine 


ond eee; Philade ~~ Pa. Spon- 


sors: IRE, AIEE, ISA. Contact: Carl 
Berkley, ‘Rockefeller Institute, New 
York 21, New York. 


*xNovember 23-24—Solid State 
Symposium, Phil oo. Pa. Spon- 
sor: re ge hia Secti ISA. Con- 
tact: A. M. ore, Polymetric Devices 
Co., Y “O. ‘Box 236, Glenside, Pa. 


DECEMBER 1959 


December 1-2—Fourth Midwest Symposium 
= Circuit hen ( Milwaukee, Wisc. 


msor: uette Univ. Contact: 
rquette, MOS lege of Engineering, 
1515. — Wisconsin Ave., Milwaukee 


JANUARY 1960 
January 11-13—6th Bg ye 


on Reliab’ ontrol in 
pmo ge Washington Cc. Spon- 
sors: IRE, EIA. Contact: 
IRE, i Bast Toth Se a v..m, BE. 
January 25-28—Annual Mee: Institute 
of Aeronautical Sciences, New York 


City. Contact: IAS, 2 East 64th St., 
w. Y, ae eee 

January 25-28—Stress Measurement Syvm- 
posium, Arizona State U. Sponsor: 
“Strain Gage Readings.” Contact: Pe- 
ter K. Stein, “Strain Gage Readings,” 
5602 East Monte Rosa, Phoenix, Ariz. 


FEBRUARY 1960 


*xFebruary 1-4—ISA Instrument-Automa- 
tion Conference and Exhibit, Sam 
Houston Coliseum. Houston, Tex. Con- 
tact William H. Kushnick, Executive 
Director, Instrument Society of Amer- 
ica, 313 6th Ave., Pittsburgh 22, Pa 


February 10-12—Solid State Circuits Con- 
ference, Philadelphia. Sponsor: IRE. 
ae ag Sponsor, 1 East 79 St., N. Y. 

. os ee 


February 29-March 4—11th Pittsburgh Con- 
ference on Analytical Chemistry and 
Applied Spectroscopy. Pittsburgh. Con- 
tact: W. J. Feingold, Westinghouse 
Electric Corp., Semiconductor Dept., 
Youngwood, Pa 


MARCH 1960 


*%March 9$-11—ISA Temperature Measure- 
ment Symposium ler-Hilton, Co- 
lumbus, Ohio. Contact: Director, Tech- 
nical and Educational Services, ISA, 
313 6th Ave., Pittsburgh 22, Pa. 


*%March 23-24—1960 Iron and Steel Con- 
ference, Pittsburgh, Pa. Sponsor: 
Pittsburgh Section, ISA. Contact: J. 
Ward Percy, U.S. Steel Research Labs., 
Monroeville, Pa. 





APRIL 1960 
xApri! 3-8—6th Nucl c New 
York City. Sponsor: EJC, “ISA coop- 


erating. Contact: Director, Technical 
& Educational ‘ %* ~x ISA, 313 6th 
Ave., Pittsburgh 22, 


wages ¢ 4- a National ISA a & 
Instrumentation Sympos- 

po ML, N. Y. Contact: Direc- 
tor, Technical and Educational Serv- 
ices, ISA, 313 Sixth Ave., Pittsburgh 


22, Pa. 


*May 2-3—ISA Symposium >on Safety In- 
strumentation. 





Electronics, 10201 Westheimer Rd., P.O. 
Box 13058, Houston 19, Texas. 


April 20-22—Symposium on Manned Space 

Stations, Los Angeles, Calif. Sponsors: 
IAS, NASA, ae Corp. Contact: IAS, 
2 East 64th St., N. Y. 21, N. Y. 


wAped 27-29—6th Annual ISA sa 
Pulp and Division ymposium, 
Pensacola, ria. 
Section, ISA. Contact: Ww. 7 Matthews. 
Chemstrand Corp., O. Box 1507, 
Pensacola, Fla. 





MAY 1960 


. Wilmingten, Del. Con- 
tact: Director, Technical and Educa- 
tion Services, ISA, 313 6th Ave., Pitts- 
burgh 22, Pa. 


*May 2-5—6th National ISA Flight Test 
Symposium, San saeee, Calif. Contact: 
Director, Technical & Educational 
op ISA, 313 6th Ave., Pittsburgh 

. Pa. 


*May 9-1l—3rd National ISA Power In- 
strumentation See. San_ Fran- 
cisco, Calif. Con Director, Techni- 

cal & Educational Services, ISA, 313 

6th Ave., Pittsburgh 22, Pa. 


amy os ~—_ Fg oy Automation 
erence d Exhibit, Brooks Hall, 
San Francisco, Calif. Contact: William 
Kushnick, Executive Director, ISA, 
313 6th Ave., Pittsburgh 22, Pa. 


witey (date to be announced) — 9th Na- 

onal Telemetering Conference, West 
Coast. Sponsor: ISA with AIEE, ARS 
IAS cooperating. Contact: Director, 
Technical & Educational Services, ISA, 
313 6th Ave., Pittsburgh 22, Pa. 


JUNE 1960 


xJune 1-3—6th Annual ISA Instrumental 
Methods of Analysis Sym jum, Mon- 
treal, Canada. Contact: Director. Tech- 
nical and Education a ISA, 313 
6th Ave., Pittsburgh 22, Pa. 


*xSeptember 26-30—ISA Instrument-Auto- 
mation Conference and Exhibit and 
15th Annual New York Coli- 


Meeting, 
seum, New York City. Contact: 
liam Kushnick, Executive Director, 
ISA, 313 6th Ave., Pittsburgh 22, Pa 


NOVEMBER 1960 
* November (date to By announced) 13th 
Annual on Electronic Tech- 


Conferenc: 
niques in Medicine ond Biol - 
ington, D. C. Sponsors: IRE, Con- 
tact: Director, Technical and oo 
tional Services, ISA, 313 6th Ave., 
Pittsburgh 22, Pa. 





S. 222 





YOU'RE JUST IN TIME FOR 
National Automatic Control Conference, Dallas, Texas, November 4-6 
12th Annual Conference on Electrical Techniques in Medicine and Biology, Philadelphia, November 10-12 


Solid State Electronics Symposium, Philadelphia, November 23-24 


v.22 


AND DON’T FORGET “THE BIG 3” IN ‘60 ... 
ISA Instrument-Automation Conference and Exhibit — HOUSTON — February 1-4 

ISA Instrument-Automation Conference and Exhibit — SAN FRANCISCO — May 9-12 

ISA Instrument-Automation Conference and Exhibit and 15th Annual Meeting — NEW YORK — September 26-30 


es, See 
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ON TARGET 





—to the Heart of the $12 
billion electric power mar- 
ket where automation is as 
modern as Lunik — where 
your controls, computers, 
instruments and compo- 
nents have untouched 
sales potentials. Reap the 
benefits of billions of 
dollars and years of scien- 
tific research in this spe- 
cial automation edition 
of POWER ENGINEERING 
which will be read, reread, 
talked about, saved and 
referred to for years. Let 
this January issue be a 
springboard for your con- 
tinuing campaign for this 
MARKET. Write, wire or 
phone now for rates and 
closing dates! 






















_—— history in ms “\ we ; , cesteatie 
making. 10,000 editor 


miles and hundreds of 






o Ceenne tener mene 


calls distilled to an epic 





coverage of this exciting 








and controversial subject. 
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Electro-Hydraulic Valve Actuators 
by GPE Controls offer the simplest, most 
compact, lowest-cost way to operate control 
valves from an electric signal. Model 698 
shown positions 14” double-seated valve at 
1000 p.s.i. pressure drop, with input signal 
ranges of 1-5, 4-20, or10-50 ma. Completely 
self-contained. Easy, low-cost installation. 
Position repeatability within .002”% Auto- 
matic locking with power failure simplifies 
Start-up of process. 
Division | construction 
for hazardous service 
is standard. Other models 


available for heavier duty. 
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